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PREFACE 

This work is intended to cover all of the calculations required 
by the practical pharmacist. 

While the work will be useful to those in actual practice, its 
greatest value will be to students of pharmacy, whether in col- 
lege or in the store. 

The use of higher mathematical terms has been carefully 
avoided, and the analyses made as simple as possible that they 
may better serve the needs of those who have been deprived of 
a liberal education. For the same reason, some subjects have 
been treated in a manner that may seem unnecessarily simple, 
but these may be omitted by the more advanced students. 

The atomic and molecular weights used in this book are 
obtained from the table of International Atomic Weights pub- 
lished by the Journal of the American Chemical Society, Vol. 
XXV, p. 1, 1903. H - 1. 

The specific gravity of substance is usually given when neces- 
sary for calculation of problems. Otherwise, the student is re- 
ferred to the Pharmacopoeia, 8th Dec. Revision, upon which all 
the problems are based. 

I am indebted to W. H. Blome, M.S., and to Don. S. Stevens, 
A.B., for assistance in verifying results. 



PREFACE TO THE SECOND EDITION 

A few corrections and changes have been made in the present 
edition. The author has also had under consideration the ad- 
visability of omitting rules, but after consultation with eminent 
teachers of mathematics has decided to retain them for the 
present. The author has always looked upon a rule as a concise 
statement of the method by which a problem may be solved, 
rather than a fixed rule to be committed to memory. The student 
should understand each step, and it was with this in view that the 
first part of alligation was given instead of depending upon the 
arbitrary, second rule given on page 34. This would be unneces- 
sary if alligation was taught in all public schools, but it is a fact 
that many graduates of high schools have never studied this sub- 
ject. Others, capable in mathematics, become confused when 
applying proportion to molecular quantities. It is for this rea- 
son that the author departs from his usual custom and asks 
students to apply the rule given at the bottom of page 44. 
However, this does not prevent them from thoroughly under- 
standing the principles of proportion. 

In a work comprising so many calculations it is not strange 
that a few errors should appear. These have been corrected 
where observed. Should others be detected, the author will 
deem it a favor if the page and problem are kindly pointed out 
to him. The calculations of many of the problems require a 
number of decimals, and the extent to which these are carried 
may account for slight differences in the results. A. B. S. 

October, 1907. 

vi 



PREFACE TO THE THIRD EDITION 

The atomic weights used in the VIII Revision of the United 
States Pharmacopoeia are based on hydrogen = 1 as the unit. 
However, most teachers of chemistry were at the time of the 
revision using atomic weights based on oxygen — 16. As this 
work was intended primarily for pharmacists it seemed advisa- 
ble to use the hydrogen standard for the earlier editions, but 
the time has now come when it is necessary to change to the 
standard of oxygen « 16. Therefore, all of that part of the 
3rd edition in which atomic or molecular weights are used has 
been changed to conform to the 1912 table of international 
atomic weights, which is the standard used for all pharmaco- 
poeias recently issued, and will be the standard for the U. S. P. 
IX. 

In deference to the wishes of a few of the teachers who are 
using this work, the answers to about half of the problems have 
been omitted. This gives the teacher a better opportunity to 
test the ability of the students to work independently. 

Two sections of miscellaneous problems have been added. 
The first section is given to test the ability of the student to 
solve problems independently of any directions. Those of the 
second section are intended to enable the student to become 
familiar with the pharmacopoeia! tables. Most of the problems 
may be solved independently of the tables, but in every case the 
student should solve the problem, or find the answer, by means 
of the tables in the latest edition of the Pharmacopoeia. 
July, 1913. A. B. S. 

• • 
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ARITHMETIC OF PHARMACY 



TABLES— WEIGHTS AND MEASURES 

METRIC SYSTEM 
LINEAR MEASURE 

1 Meter, M. = 10 decimeters, dm. = 100 centimeters, cm. =■ 
1000 millimeters, mm. The decimeter, centimeter and milli- 
meter are frequently expressed in fractions of a meter, thus: — 
1 dm. - 0.1 M.; 1 cm. - 0.01 M.; 1 mm. = 0.001 M. 

MEASURES OF CAPACITY 

1 Liter, L. — 10 deciliters, dl. = 100 centiliters, cl. = 1000 
milliliters, ml. The terms deciliter, centiliter and milliliter are 
rarely used; but the term cubic centimeter, Cc, is employed in 
place of the milliliter. 1 dl. or 10 cl. = 100 Cc. 

MEASURES OF WEIGHT 

1 Kilogramme = 1000 Grammes. 

1 Gramme = 10 decigrammes, dg. = 100 centigrammes, eg. 
- 1000 milligrammes, mg. 

apothecaries' weight 

1 Pound, lb. = 12 Ounces, = 5760 Grains, grn. 
1 Ounce, 5=8 Drams, « J8Q Grains, grn. 
1 Dram, 3=3 Scruples, = 60 Grains, grn. 
1 Scruple, 3 = 20 Grains, grn. 

apothecaries' fluid measure 

WINS lOASUBB 

1 Gallon, Cong. = 8 Pints, — 128 Fluidounces. 

1 Pint, O. = 16 Fluidounces. j q, 

1 Fluidounce, f 1 = 8 Fluidrams, = 480 Minims, ill. 

1 Fluidram, f 3 = 60 Minims, m. 

The Apothecaries' ounce and grain are of the same value as 
the now obsolete English Troy ounce and grain. The term 
"Troy Weight" is frequently used when Apothecaries' weight is 
intended. 



AVOIRDUPOIS WEIGHTS 

1 Pound, lb. = 16 Ounces, = 7000 Grains, grn. 
1 Ounce, oz. « 437.5 Grains, grn. 

IMPERIAL MEASURE 

1 Gallon, C. = 8 Pints, = 160 Fluidounces. 

1 Pint, O. = 20 Fluidounces. 

1 Fluidounce, fl. oz. = 8 Fluidrams, fl. dr. = 480&linims, Til. 

The Imperial gallon contains 10 Avoirdupois pounds of dis- 
tilled water at 15.6° C. The fluidounce therefore contains 437.5 
grains. 

The Apothecaries' Fluidounce of distilled water weighs, in 
vacuo, at 4° C. (39.2° F.), 456.392 grains. It weighs in air, at 
15.6° C. (60° F.), 455.7 grains. 

A cubic centimeter of distilled water when weighed in vacuo 
at 4° C. (39.2° F.), weighs 1 gramme; when weighed in air at 
15.6° C. (60° F.), it weighs 0.998 gramme. 

APPROXIMATE MEASURES 

One tumblerful equals about 8 fluidounces, or 240 Cc. 
One teacupful equals about 4 fluidounces, or 120 Cc. 
One wineglassful equals about 2 flufdounces, or 60 Cc. 
One tablespoonful equals about 4 fluidrams, or 16 Cc. 
One dessertspoonful equals about 2 fluidrams, or 8 Cc. 
One teaspoonful equals about 1 fluidram, or 4 Cc. 
One drop is usually considered equal to one minim; but it 
varies in size from three-fourths of a drop to four drops in one 

• • 

minim. approximate equivalents 

The following equivalents are not exact, but are sufficiently 
accurate for all practical purposes: 
Gramme equals 15.432 Grains. 

u 0.035 Avoirdupois Ounce. 
a 0.032 Apothecaries' Ounce. 
Cubic Centimeter equals 16.23 Apothecaries' Minims. 
u u 16.9 Imperial Minims. 

a 0.0338 Apothecaries' Fluidounce. 
a 0.035 Imperial Ounce. 
Grain equals 64.8 Milligrammes. 

1.053 Minims. 
u a 1.097 Imperial Minims. 

Meter - 39.37 Inches. 



u 
u 



u 
u 
u 



u u 

a a 

u u 
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Apothecaries' Ounce equals 31.1 Grammes. 

a u * 1.097 Avoirdupois Ounces. 

u a u 1:053 Fluidounces. 

^4 Avoirdupois Ounce equals gg.35 Grammes. 

« u u 0.911 Apothecaries' Ounce. 

a u u 0.961 Fluidounce. 

a " * 1 Imperial Fluidounce. 

Minim equals 0.9493 Grain. 

u " 1 .04 Imperial Minims. 

11 0.0613 Cubic centimeter. 
Imperial Minim equals 0.9114 Grain. 

u 0.96 Apothecaries' Minim. 
" 0.059 Cubic centimeter. 
Imperial Fluidounce equals 28.35 Cubic centimeters. 
Imperial Fluidounce equals 0.96 Apothecaries' Fluidounce. 
Apothecaries' Fluidounce equals 29.57 Cubic centimeters. 

u 1 .04 Avoirdupois Ounces. 
u 0.95 Apothecaries' Ounce. 
u 1 .04 Imperial Fluidounces. 

1. — Addition, Subtraction, Multiplication, and Division 

of Weights and Measures 

Abstract numbers increase and decrease in a tenfold ratio, 
while with compound numbers the scale varies with each denom- 
ination. 

1. — Example. — Add 4 pounds, 6 ounces, 5 drams, and 2 
pounds, 8 ounces, and 3 drams (Apothecaries). 

4 lbs. 6oz. 5 dr. 

2 " 8_^ 3_^ 

7 " 3" 

The sum of the first term is 8 dr. or 1 oz., which added to 
the next higher denomination makes 15 oz. or 1 lb. 3 oz., 1 lb. 
added to the next higher denomination makes 7 lb. 

The operation may also be performed by reducing the terms 
to the same denomination and proceeding as in simple numbers, 
as follows: — 

4 lb. - 4 X 12 X 8 - 384 dr. 

6oz. =6X8 - 48 " 
2 lb. = 2 X 12 X 8 - 192 " 

8 oz. - 8 X 8 - 64 " 
5 + 3 =_j « 

696 " = 7 lb. 3 o«. 
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Rule. — To add, subtract, multiply or divide weights and 
measures, reduce the terms to the same denomination and pro- 
ceed as in simple numbers. 

PROBLEMS 

2. — What is the weight of a mixture containing 4 ounces, 5 
drams, 20 grains, 8 ounces, 410 grains, 7 drams and 50 grains? 

Ans. 1 lb. 2 oz. 4 dr. 

3. — What is the weight of compound powder of liquorice 
formed by mixing the following:— Senna 6 ounces; glycyrrhiza 
7 ounces, 6 drams, 40 grains; sulphur 2 ounces, 5 drams, 8 
grains; oil of fennel 1 dram, 2 grains; and sugar 16 ounces, 5 
drams, 8 grains? Ans. 2 lb. 9 oz. 1 dr. 58 gr. 

4. — If you have 1 pound, 6 ounces and 4 drams of rhubarb 
and dispense 4 ounces and 2 drams at one time, and 3 ounces 5 
drams and 50 grains at another time, how much will remain? 

Ans. 10 oz. 4 dr. 10 gr. 

5. — If you purchase a gallon of alcohol and sell at different 
times 1 ounce, i pint, 2\ ounces, 6 ounces, 2 pints, 4 ounces, and 
6 drams, how much will remain? 

6. — What is the cost of 12 bars of soap at 30 cents a pound 
if each bar weighs 5 pounds and 6 ounces? 

7. — Divide 9 gallons, 8 pints and 10 ounces into 5 equal quan- 
tities. 

8. — If a gallon mixture requires 1 pound, 4 ounces and 6 
drams of drug, how many gallons of the mixture can be made 
from 12 lbs. 6 ounces and 6 drams of the drug? 

2. — To Determine Quantities Used in Manufacturing 

1. — Example. — How many grammes of each ingredient are 
required in the manufacture of 35 grammes of Compound Chalk 
Powder? The U. S. P. gives the following proportions: 

Prepared Chalk 30 Gm. 

Acacia 20 Gm. 

Sugar 50 Gm. 

To make 100 Gm. 

The quantity to be made, 35 grammes, is 35-100 of 100 
grammes. Hence we must take 35-100 of the amount given for 
each ingredient and we have as follows: Prepared chalk 10.5 
grammes, acacia 7 grammes, and sugar 17.5 grammes. 



Rule. — Divide the amount to be made by the total quantity 
given in the formula, and multiply the amount of each ingredient 
by this quotient. 

PROBLEMS 

How much of each ingredient must be used in the manu- 
facture of the following pharmacopoeial preparations: 

2— To make 120 Compound Cathartic Pills? 
Ans. Comp. ext. colocynth 9.6 Gm., mild mercurous chloride 
7.2 Gm., resin of jalap 2.4 Gm., gamboge 1.8 Gm. 

3. — To make 300 grammes of Comp. Powder of Glycyrrhiza? 
Ans. Senna 54 Gm., liquorice 70.8 Gm., sulphur 24 Gm., oil 
of fennel 1.2 Gm., sugar 150 Gm. 

4. — To make 1250 cubic centimeters of Compound Spirit of 
Orange? Ans. Oil of orange 250 Cc, oil lemon 62.5 Cc, oil of 
coriander 25 Cc, oil of anise 6.25 Cc, alcohol, sufficient. 

5. — To make 4.5 liters of Aromatic Elixir? Ans. Comp. Spt. 
of Orange 54 Cc, syrup 1687.5 Cc, calcium phosphate 67.5 Gm. 

6. — If you wish to use 11 grammes of mercury in the manu- 
facture of Mass of Mercury, how much of the other constit- 
uents must be used? 

Note. — Proceed as above, except that the quantity of mer- 
cury to be used is divided by the quantity of mercury given in 
the formula. The quantities of the other ingredients are multi- 
plied by this quotient. 

Ans. Glycyrrhiza, 3.33; althaea, 5.00; glycerin, 1, and honey 
of rose, 11.00 grammes. 

7.— How many grammes of opium and sugar of milk must 
be mixed with 25 grammes of ipecac to make Dover's Powder? 
Ans. Opium, 25 Gm.; sugar milk, 200 Gm. 

8. — What quantity of each ingredient is required to com- 
pound the following prescription: 

1} Quininse sulphatis gm 

Ferrireducti grn 

Acidi arsenosi grn 

Strychninse sulphatis grn 

Pufveris ipecacuanhas grn 

For one pill. Make 120 such pills. 





Ans. 


• • 

.13 


240 grn. 


• j. 


120 grn. 




3 grn. 


2 grn. 


•1 


15 grn. 
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9. — What is the dose of each ingredient in the following pre- 
scriptions? 

Ans. 

9 Sodii bromidi grn. clx 5 grn. 

Potassii bromidi grn. briv 2 grn. 

Aquae destillatse S. oz. iv 

Sig. Teaspoonful at bed time. 

Ans. 

9 Extracti oolocynthidis grn. iv J grn. 

Aloes grn. xlviij 2 grn. 

Resinse scammonii grn. xxxvj 1J grn. 

Olei caryophylli grn. vj J grn. 

Divide into 24 pills. 

Ans. 

10 — 9 Strychnin® nitratis grn. ij A grain. 

Liquoris acidi arsenosi fi. dr. ij 5 minims. 

Aquae q. s. ad fl. oz. iij 

S. Teaspoonful three times a day. 

3. — To Change Weights and Measures from One System 

to Those of Another 

Troy, Apothecaries' and Avoirdupois weights, Wine and Im- 
perial measures may be changed from one to the other as follows : 

1. — Example. — Convert 10 ounces and 2 drams Apothecaries' 
weight into Avoirdupois weight. 

Since there are 480 grains in 1 Apothecaries' ounce, there are 
4800 grains in 10 ounces. In 2 drams there are 120 grains. 4800 
grn. + 120 grn. = 4920 grn., and 4920 grn. -5- 437.5 (the num- 
ber of grains in an Avoirdupois ounce) =11 Avoirdupois ounces 
and 107.5 grains. 

Rule. — Reduce the given denominations to grains and divide 
by the number of grains in the denominations of the desired 
system. 

2. — Change 10.5 Apothecaries' ounces to fluidounces. 

Ans. 11 oz., 25.9 Min. 

3. — Change 5 pints Wine measure to Imperial measure. 

Ans. 4 pints, 3 ounces and 96 Min. 

4. — Change 5 pounds, 8 ounces Avoirdupois to Apothecaries' 
weight. Ans. 80 oz., 100 grains. 

5. — Change 34 ounces, Apothecaries' weight, to Avoirdupois 
weight. Ans. 2 lbs., 5 oz., 132.5 grains. 



6. — Convert 1 gallon Wine measure into Imperial measure. 

Ans. 6 pts., 13 oz., 153.6 Min. 
7. — Convert 4 Imperial pints into Wine measure. 
8. — Change 5 Avoirdupois pounds to Wine measure. 
9. — Change 60 Apothecary ounces into Wine measure. 
10. — Change 10 Wine gallons into Avoirdupois weights. 

4. — To Change Weights and Measures by the Use of 
Equivalents from One System to Those op Another 

1. — Example. — Change 10.5 Apothecaries 1 ounces to Avoir- 
dupois ounces. 

The equivalent of one Apothecaries' ounce is 1.097 Avoirdu- 
pois ounces. 10.5 X 1.097 = 11.518 or nearly 11£ Avoirdupois 
ounces. 

Rule. — Multiply each term by its equivalent in the desired 
system. (See table of equivalents.) 

2. — Change 5 Wine pints to Imperial measure. 

Ans. 83.2 oz. or 4 pts., 3 oz., 1 dr., 36 min. 
3. — Convert 20 fluidounces into cubic centimeters. 

Ans. 591.4 Cc. 
4. — Convert 5000 cubic centimeters into fluidounces. 

Ans. 169 fluidounces. 
5.-— Change 800 grammes to Avoirdupois weight. 

Ans. 28 Av. oz. 
6. — Convert 12 Avoirdupois ounces into grammes. 

Ans. 340.194 Gm. 
7. — Convert 650 grammes into Apothecaries' weight. 

Ans. 20 oz., 6 dr., 24 grains. 
8. — Convert 7.5 Apothecaries' ounces into grammes. 
9. — What is the volume of 10 Avoirdupois pounds of water? 
10. — What is the Avoirdupois weight of a gallon of water? 
11. — How many cubic centimeters are there in a gallon of 
water? 

12. — What is the cost of 12 2-grain powders of codeine sul- 
phate, when one ounce costs $5.30? 

13. — The British Pharmacopoeia formula for Syrup is: "Re- 
fined sugar, 5 pounds; boiling distilled water, 2 pints. Heat un- 
til dissolved, and add boiling distilled water to 7.5 pounds." 
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Change the quantities to Apothecaries 1 weight and Wine meas- 
ure. 

14. — Change the following to Apothecaries' weight and wine 
measure. 

BELLADONNA LINIMENT 

Camphor 50 Gm. 

Fl. Ext. Belladonna to make. 1000 Cc. 

Ans. Camphor 771.6 grn., fl. ext. belladoiina 33 oz. 6 dr. 
24 min. 

15. — Change the following formula for soap liniment to Im- 
perial weights and measures: 

Ans. 

Soap 60 Gm. 2 oz. 50.9 grn. 

Camphor 45 Gm. 1 oz. 251.56 grn. 

Oil Rosemary 10 Cc. 2 dr. 48 min. 

Alcohol 725 Cc. 25oz.3dr. 

Water to make 1000 Cc. 35 oz. 

16. — Change the following prescriptions to the Metric 
system: 

Ans. 

3 Acetanilidi grn. xxxvj 2.3328 Gm. 

Potassii bromidi grn. xxiv . 1.5552 Gm. 

Caffeinse citrate grn. xij 0.7776 Gm. 

Divide in 12 powders-. 

17. — Change to Apothecaries' weights and measures.* 

Ans. 

3 Codeinse sulphatis 0.13 Gm. 2-f-grn. 

Ammonii chloridi 8. Gm. 120.456 grn. 

Syrupi tolutani 60. Cc. 2.03 oz. 

Aquae ad 90. Cc. 3.04 oz. 

Note. — When changing weights and measures from one 
system to those of another by the use of equivalents, the answer 
frequently contains a decimal which may be eliminated by multi- 
plying the decimal by the number of units of a lower denomina- 
tion required to make one of the given denomination. 

For example: If the answer is 12.84 Avoirdupois ounces. 
The decimal (.84) may be changed to grains by multiplying by 
437.5, the number of grains in one Avoirdupois ounce; thus 
0.84 X 437.5 - 367.5 grains. 
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THERMOMETERS— TEMPERATURE 

Three kinds of thermometers are used for measuring heat: 
Fahrenheit, Centigrade, and R6aumur. The first is the domes- 
tic thermometer of the United States and Great Britain. The 
second is used for scientific purposes; the third is rarely used in 
this country. 

The boiling point of water is 212° F., 100° C, 80° R. The 
freezing point of water is 32° F., 0° C, 0° R. The difference be- 
tween the freezing- and the boiling-point of water is 180° F., 
100° C, and 80° R. 

Since 180° F. are equal to 100° C, each degree F. is equal to 
{$$ = % of a degree centigrade or -$& = •$ of a degree R6aumur. 
In a similar manner we find that one degree Centigrade is equal 
to | of a degree Fahrenheit, or, $ of a degree Reaumur. One 
degree Reaumur is equal to £ of a degree Fahrenheit, or, £ of a 
degree Centigrade. 

5. — To Convert. Fahrenheit to Centigrade 

1. — Example. — Convert 140° Fahrenheit to Centigrade. 
140° —32° = 108° ; | of 108° = 60°, or 108° -t- 1.8 - 60°. 

Rule. — Subtract 32 and multiply by $ (or divide by 1.8). 

PROBLEMS 

Ans. 



X 2. — Convert 


68° 


Fahrenheit to Centigrade. 20° C. 


^3 — 


a 


23° 


a 


u 


-5° C. 


X 4 - 


« 


-22° 


u 


u 


-30° C. 


5.— 


a 


390° 


u 


u 


« 198.88° C. 


/C6.— 


u 


244° 


u 


u 


« 


7 — 


« 


-40° 


u 


u 


U 


/C 8 — 


a 


70° 


u 


a 


a 



6. — To Convert Centigrade to Fahrenheit 

1. — Example. — Convert 210° Centigrade to Fahrenheit. 
# of 210° = 378°; 378° + 32° = 410° C, or 210° X 1.8 + 
32° = 410° C. 

Rule.— Multiply by # (or by 1.8), and add 32. 
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JTAUDJjU 


1MB 




Ans. 


P-2.— Convert 250° 


Centigrade 


to Fahrenheit. 


482° F. 


3— ' 


-40° 


a 


« 


* 


-40° F. 


X4 — ' 


30° 


« 


a 


a 


86° F. 


5.— - 


-10° 


a 


« 


« 


14° F. 


/6— « 


-30° 


a 




u 


-22° F. 


7— « 


-40° 


« 


a 


a 




A 8— " 


22° 


a 


a 


a 





7. — To Convert Centigrade to Reaumur 

1. — Example. — Convert 80° Centigrade to Reaumur. 
i of 80° - 64° R. 

Rule. — Multiply by f or by 0.8. 

PROBLEMS 

Ans. 
/^ 2.— Convert 72.5° Centigrade to R&uimur. 58° R. 
3— « 350° « «■ « 280° R. 

4.— « -40° « a « -32° R. 

5. — a 25° « « « 

8. — To Convert Reaumur to Centigrade 

1. — Example. — Convert 80° Reaumur to Centigrade. 
i of 80° = 100° R. 

Rule. — Multiply by £ or by 1.25. 

PROBLEMS 

Ans. 

X 2.— Convert 640° Reaumur to Centigrade. 800° C. 

3. — « 48° u 60° C. 

4.— " —12° « « « — 15° C. 

5. — If water boils at 80° Reaumur what is the boiling-point 

in Centigrade degrees? 

9. — To Convert Fahrenheit to Reaumur 

1. — Example. — Convert 77° Fahrenheit to Reaumur. 
77° — 32° = 45°; i of 45° = 20° R. 

Rule. — Subtract 32 and multiply by $ or divide by 2.25. 
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PROBLEMS A ng . 

\ 2. — Convert 95° Fahrenheit to RSaumur degrees 28° R. 

3 a —13<> a u u u —20° R. 

^ u 23° u u a a 

K « 70° u u u a 

10. — To Convert Reaumur to Fahrenheit 

1. — Example. — Convert 80° Reaumur to Fahrenheit. 

I of 80° + 32° - 212° F. 

Rule.— Multiply by f or by 2.25, and add 32. 

PROBLEMS j^g 

yX 2.— Convert 32° R&mmur to Fahrenheit. 104° F. 

3. — * 96° a u tt 248° F. 

4. — u — 16° « u u —4° F. 

K a QO a a u 

6. " 14° a u u 

SPECIFIC GRAVITY 

It is not the purpose of this work to enter into the details of 
taking specific gravity, but rather to give problems illustrating 
the methods of calculating the results of manipulation. 

Specific gravity may be defined as the relative weight of 
equal bulks or volumes of different bodies, water being taken as 
the standard. The object sought is always the weight of a vol- 
ume of water equal to that of the substance, the specific gravity 
of which we wish to obtain, whether that substance be liquid or 
solid, soluble or insoluble, heavier or lighter than water. 

Specific Gravity Hydrometers 

The specific gravity of liquids is usually taken with hydrom- 
eters or specific gravity flasks (pycnometers). 

Hydrometers are instruments which, when floating in a 
liquid, show the specific gravity, density, or per cent., on a scale. 
The specific gravity hydrometer is so constructed that the num- 
ber at the surface of the liquid represents the specific gravity. 
Hydrometers for liquids heavier than water are graduated from 
2000 at the bottom, to 1000 at the top. That the reading may be 
more exact, it is customary to use five hydrometers for liquids 
heavier than water. The first is graduated from 1000 to 1200, the 
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second from 1200 to' 1400, the third from 1400 to 1600, the 
fourth from 1600 to 1800, and the fifth from 1800 to 2000. 

For liquids lighter than water, the hydrometer is graduated 
from 1000 at the bottom to 700 at the top. 

The specific-gravity hydrometer should sink in pKarmaco- 
poeial hydrochloric acid to 1158, in sulphuric acid to 1840, in al- 
cohol to 816 and in ether to 716. By pointing off three decimal 
places, if the instrument is not so marked, we have the respec- 
tive specific gravities without calculation. 

Hydrometers giving the per cent, by weight or volume are 
constructed for special purposes, as alcoholometers, which are 
so graduated that the reading gives the actual per cent, of 
absolute alcohol that the liquid contains. 

BAUME HYDROMETERS 

Baum6 hydrometers are constructed for use in both light 
and heavy liquids. The scale gives arbitrary degrees, which 
may be converted into specific gravity as follows: — 

11. — For Liquids Heavier Than Water 
1. — Example. — Change 60° Baum6 to specific gravity. 

"145=60 = 85 = 1J058 Sp ' Gr - 

Rule. — Divide 145 by 145 minus the given number of de- 
grees. 

/*- 2. — What Is the specific gravity of hydrochloric acid, 20° 
BaumS? Ans. 1.16 Sp. Gr.y 

3. — To what point will a specific gravity hydrometer sink in 
glycerin when a Baum6 hydrometer sinks to 29°? Ans. 1.25°. 
p~ 4. — What is the specific gravity of sulphuric acid, 45° Baum6? 
5. — If a Baum6 hydrometer sinks to 35° in a solution of 
sugar, what is the specific gravity of the syrup? 

12. — For Liquids Lighter Than Water 
1. — Example. — Change 56° Baum6 to specific gravity. 

130+56 " 186 = °- 752 Sp> Gr - 
Rule. — Divide 140 by 130 plus the given degrees. 
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PROBLEMS 

)C2. — What is the specific gravity of ammonia water, 24° 
Baum6? Ans. 0.909. 

3. — What is the specific gravity of alcohol, 40° Baum6? 
VU4. — Change 60° Baum6 to specific gravity. 

To Change Specific Gravity Degrees to Battme 

13. — For Liquids Lighter Than Water 
1. Example. — Change specific gravity 0.750 to Baum6. 

140 
^r — 130 = 56.66 B<§. 

Rule. — Divide 140 by the specific gravity and subtract 130. 

PROBLEMS 

*f"2. — What is the degree Baum6 of ammonia which has a spe- 
cific gravity of 0.9655? Ans. 15° B6. 

3. — Change the following specific gravities to Baum6 de- 
grees:— 0.765, 0.979, 0.909, 0.800. 

14. — For Liquids Heavier Than Water 

1. — Example. — Change specific gravity 1.24 to Baum6 de- 
grees. 145 

145— ^ = 28.1° Baume. 

Rule. — From 145 subtract 145 divided by the specific 
gravity. 
\L 2. — How many degrees Baum6 is sulphuric acid which has a 
/ specific gravity of 1.84? Ans. 66.2° B6. 

3. — What are the degrees Baum6 of a syrup having a specific 
gravity of 1.124? Ans. 15.997° B6. 

4. — Change specific gravities 1.576 and 1.45 to Baum6 de- 
grees. 

15. — To Change Twaddell Degrees to Specific-Gravity 

Degrees 

TwaddelPs hydrometer is for liquids heavier than water. 
Each degree equals 0.005 of a specific gravity degree. 

1. — What is the specific gravity of sulphuric acid if Twad- 
delPs hydrometer floats at 168°? 
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168X0.005+1 - 1.84 specific gravity. 
. Ride. — Multiply the degrees by 0.005 and add 1. 
Y 2. — Change the following TwaddelPs degrees to specific grav- 
ity; 50°, 80°, and 125°. 

16. — To Change Specific Gravity to Twaddell Degrees 

1. — Example. — What degree, Twaddell, is hydrochloric acid, 
specific gravity, 1.16? 

01(05"" ~^ X ' 

Rule — Subtract 1 from the specific gravity and divide by 
0.005. 

PROBLEMS 

r 2. — To what degree will a TwaddelPs hydrometer sink in the 
following pharmacopceial preparations: Nitric acid, solution 
ferric chloride, and syrup? ' • ^ 

{.31* 1^13 

17. — Specific Gravity Flasks or Pycnometers 

The majority of specific-gravity flasks are constructed to hold 
25, 50, or 100 grammes at a given temperature, and in some 
cases 250, 500, and 1000 grains, but the latter are rapidly pass- 
ing out of use. When the flask holds exactly 100 grammes of 
water at the proper temperature, the same flask will hold 71.6 
grammes of ether or 149 grammes of chloroform, which, if di- 
vided by 100, will give the specific gravity of each liquid. There- 
fore, when the same flask is filled with any liquid, we have only 
to divide the weight of the contents of the flask by 100 to obtain 
the specific gravity. In like manner, if the flask contains 25 
grammes of water we have only to multiply the weight of its con- 
tents, when filled with any liquid, by 0.04, or to divide by 25, to 
obtain the specific gravity. 

An ordinary light flask holding from 20 to 100 grammes 
may be used in taking the specific gravity of liquids. The flask 
is dried and weighed, filled with water at the proper temperature 
and weighed again, and the weight of the flask subtracted; the 
difference is the weight of the water. In the same maimer find 
the weight of the contents of the flask when filled with any de- 
sired liquid. 
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1. — Example. — A flask weighs 20 grammes; when filled with 
water it weighs 44 grammes, and when filled with glycerin 50 
grammes. What is the specific gravity of the glycerin? 

Subtracting the weight of the bottle in each case, we have 24 
grammes as the weight of the water, and 30 grammes as the 
weight of the glycerin. 30 + 24 = 1.25, the sp. gr. of the glyc- 
erin. 

Rule. — Divide the weight of the substance by the weight of 
an equal bulk or volume of water. The quotient is the specific 
gravity. 

PROBLEMS 

2. — How many grammes of glycerin, sp. gr. 1.25, will a 100- 
gramme flask hold? Ans. 125 grammes. 

3. — A flask holds 25 grammes of water. The same flask 
holds 29 grammes of hydrochloric acid. What is the specific 
gravity of the acid? Ans. 1.16 sp. gr. 

4. — How many grammes of chloroform, specific gravity 1.49, 
will a 50-Cc. flask hold? Ans. 74.5 grammes. 

5. — If a bottle holds 1826 grammes of sulphuric acid, U. S. 
P., how many grammes of water will it hold? 

Ans. 1000 grammes. 
6. — If 250 Cc. of ether weighs 181.25 grammes, what is the 
specific gravity of the ether? Ans. 0.725 sp. gr. 

\ 7. — What is the specific gravity of syrup when a fluidounce 

i weighs 600.1 grains. 

t 8. — What is the specific gravity of alcohol, when one liter 

weighs 820 Gm.? 

9. — What is the specific gravity of aqua ammonia, when a 
bottle holds 50 grammes of water or 48 grammes of aqua am- 
monia? 

10. — A bottle weighing one Apothecaries' ounce, when filled 
with water, weighs 2 oz. 6 dr. and 48 grains; when filled with 
hydrochloric acid it weighs 3 ounces. What is the specific 
^gravity of the acid? 

18. — To Take the Specific Gravity op Liquids with a 

Plummet 

The specific gravity of liquids may be found by weighing a 
solid in water, and again in the liquid of which the specific grav- 
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ity is desired. If a solid body be weighed in water and also in 
air, the difference in the weights is the weight of a volume of 
water equal to the volume of the solid. If the same solid is 
weighed in any other liquid and the weight subtracted from the 
weight in air, the difference is the weight of a volume of liquid 
equal to the volume of the solid, or to the weight of the same 
volume of water. 

1. — Example. — A piece of glass weighing 39 grammes in air 
weighs 24 grammes in water, and 20.25 grammes in glycerin. 
What is the specific gravity of the glycerin? 

39 — 24 = 15, the weight of water displaced. 

39 — 20.25 = 18.75, the weight of glycerin displaced. 

18.75 -f- 15 = 1.25, the specific gravity of the glycerin. 

Ride. — Weigh the solid in air, in water, and in the liquid. 
The loss of weight in the liquid divided by the loss of weight in 
the water is the specific gravity. 

PROBLEMS 

tx 2. — A piece of glass weighs 39 grammes in air, 24 grammes 
in water, and 27.75 grammes in ether. What is the specific 
gravity of the ether? Ans. 0.750 sp. gr. 

• — 3. — The same piece of glass weighs 16.65 grammes in chloro- 
form. What is the specific gravity of the chloroform? 

Ans. 1.49 sp. gr. 
\y^ 4. — If the same piece of glass weighs 27.6 grammes less in 
sulphuric acid than in air, what is the specific gravity of the acid? 

Ans. 1.84 sp. gr. 
L ' 5. — 56.75 grammes of lead weighs 51.75 grammes in water, 
and 52.5 grammes in alcohol. What is the specific gravity of 
the alcohol? 
/ 6. — A piece of copper loses 14 grammes when weighed in 
/^^ater, and 17.5 grammes when weighed in glycerin. What is 
the specific gravity of the glycerin? 

Note. — If a piece of glass be made of such a size that it will 
displace exactly 10 grammes of water, then the loss of weight in 
any liquid divided by ten will give the specific gravity. If the 
specific gravity of glass is 2.600, then a piece weighing 26 
grammes will displace 10 grammes of water, 12.4 grammes of 
glycerin, or 7.16 grammes of ether. 
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19. — To Determine the Specific Gravity of Solids In- 
soluble in, but Heavier than, Water 

Weigh the solid in air. Suspend in water by means of a silk 
thread, and weigh again. The difference in weight is the weight 
of the water displaced, and is equal in volume to the volume of 
the solid. 

1. — Example. — A piece of native lead sulphide weighs in air 
108.75 grammes, in water 93.75 grammes. What is its specific 
gravity? 

108.75 — 93.75 = 15. 108.75 -*• 15 = 7.25 sp. gr. 

Rule. — Divide the weight in air by the loss of weight in water. 
The quotient is the specific gravity. 

PROBLEMS 

2. — What is the specific gravity of a piece of lead weighing 
35.412 grammes in air and 32.292 grammes in water? 

Ans. 11.35 sp. gr. 

3. — A piece of copper weighs 34.008 grammes in water, and 
38.333 grammes in air. What is the specific gravity? 

Ans. 8.862 sp. gr. 

4. — What is the weight of water displaced by a piece of silver, 
specific gravity 10.25, which weighs 27.162 grammes in air? 

5. — What is the weight of a piece of silver, specific gravity 
10.25, which displaces 5 grammes of water? 

20. — Solids Insoluble In, But Lighter than, Water 

Weigh the substance in air and attach it to a sinker of known 
weight. Weigh in water and subtract the weight of both in 
water from the weight of both in air. The difference is the loss 
in weight of both in water. Find separately what the sinker 
loses in water and subtract this from what they both lose in 
water. The difference is the loss in weight of the substance in 
water. 

1. — Example. — A piece of lead weighs 11.35 grammes in air, 
and 10.35 grammes in water. The lead is attached to a piece of 
wax weighing 2.16 grammes in air, and their weight, taken to- 
gether in water, is 10.26 grammes. Find the specific gravity of 
the wax. 
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11.35 + 2.16 = 13.51, the weight of both in air. 

13.51 — 10.26 » 3.25, the loss in weight of both in water. 

11.35 — 10.35 = 1, the loss in weight of the sinker in water. 

3.25 — 1 = 2.25, the loss in weight of the wax in water. 

2.16 -*- 2.25 - 0.96, the sp. gr. of the wax. 

Ride. — Divide the weight of the substance in air by the loss 
in weight of both in water, minus the loss in weight of the 
sinker in water. 

A somewhat shorter method is the following: 

Weigh the substance in air; weigh the sinker in water. At- 
tach the substance to the sinker, and weigh both in water. 

Take the above example without the weight of the sinker in 
air. 

10.35 + 2.16 = 12.51, the weight of the sinker in water plus 
the weight of the substance in air. 

12.51 — 10.26 = 2.25, the loss in weight of the wax in 
water. 

2.16 -h 2.25 = 0.96, the sp. gr. of the wax. 

Rule. — Add the weight of the substance in air to the weight 
of the sinker in water. From this amount subtract the weight 
of the substance and sinker together in water. The difference 
is the weight of the water displaced by the substance. Divide 
the freight in air by the weight of water displaced. 

PROBLEMS 

2. — A piece of lead weighs 17.706 grammes in air and 16.146 
grammes in water. A piece of spermaceti weighs 14.65 grammes 
in air. Spermaceti and lead in water weigh 15.296 grammes. 
What is the specific gravity of the spermaceti? 

Ans. 0.945 sp. gr. 

3. — Weight of wax in air 5 Gm. 

a u sinker in air 20 Gm. 

u water 18 Gm. 

u u tt and wax in water 17.8 Gm. 

Find the specific gravity of the wax. Ans. 0.96 sp. gr. 

4. — A cork weighs 9 grammes in air. A sinker weighs 38 
grammes in water. The cork and sinker together weigh 3.25 
grammes in water. What is the specific gravity of the cork? 

Ans. 0.2057 sp. gr. 



% * 
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i /5. — A piece of copper weighs 17.68 grammes in air, and 15.68 
grammes in water. A piece of cacao butter weighs 12.125 
grammes in air. The copper and cacao butter together weigh 
15.305 grammes in water. What is the specific gravity of the 
cacao butter? 

j 6. — A piece of paraffin weighs 13.80 grammes. A piece of 
TOass weighs 9 grammes in water. The paraffin and brass to- 
gether weigh 7.8 grammes in water. What is the specific gravity 
of the paraffin? 

j/ 7. — What is the specific gravity of a piece of wood which 
weighs 18 grammes. When attached to a piece of brass and 
suspended in water, both weigh 3.6 grammes. The brass weighs 
7 grammes in water? 



\y 



o Find the Specific Gravity op Powders Insoluble 

in Water 



Fill a specific-gravity flask with water and weigh; empty 
the flask, introduce a weighed quantity of the powder, fill with 
water and weigh again. Add the weight of the powder to the 
weight of the flask filled with water, and from this amount sub- 
tract the weight of the flask containing the powder and water. 
The difference is the weight of water displaced. 

1. — Example. — A bottle filled with water weighs 58 grammes. 
The bottle containing 12 grammes of sand and filled with water 
weighs 65.2 grammes. Find the specific gravity of the sand. 

58 + 12 = 70. 

70 — 65.2 = 4.8, the weight of water displaced. 

12 -s- 4.8 = 2.5, the sp. gr. of the sand. 

Rule. — Divide the weight of the powder by the weight of 
water displaced. The quotient is the specific gravity. 

PROBLEMS 

2. — Place 56.75 grammes of lead shot in a specific-gravity 
flask. The flask is then filled with water and is found to weigh 
116.75 grammes. The flask filled with water weighs 65 grammes. 
What is the specific gravity of the shot? Ans. 11.35 sp. gr. 



W 
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3. — A bottle filled with water weighs 24 grammes. If 13.8 
grammes of granulated zinc be introduced into the bottle, and 
the bottle filled with water, the combined weight will be 35.8 
grammes. What is the specific gravity of the zinc? 

Ans. 6.9 sp. gr. 

4. — How many grammes of water will be displaced by 1035 
grammes of zinc, specific gravity 6.9? Ans. 150 Gm. 

5. — Weight of mercuric oxide 38.5 Gm. 

Weight of bottle filled with water 35 Gm. 

Weight of bottle containing mercuric 

oxide, when filled with water 70 Gm. 

Find the specific gravity of the mercuric oxide. 

Ans. 11 sp. gr. 

6. — When 33.488 grammes of mercuric sulphate are placed 
in a bottle and the bottle filled with water, the combined weight 
is 68.79 grammes. The weight of the bottle filled, with water 
is 40.502 grammes. What is the specific gravity of the mercuric 
sulphate? 

7. — How many grains of water will be displaced by an Avoir- 
dupois pound of mercury, specific gravity 13.56? 

8. — How many grammes of mercury will an ounce bottle 
hold? 

22^-To Determine the Specific Gravity op Solids Soluble 
*S in Water 

The method employed is the same as in taking the specific 
gravity of solids insoluble in water, except that, in place of 
water, some other liquid is used in which the substance is in- 
soluble, as oil, alcohol, or turpentine. A correction is then 
made for the difference in the specific gravity of the liquid used 
and that of water, by multiplying by the specific gravity of the 
liquid. 

1. — Example. — A crystal of potassium dichromate weighs 
19.705 grammes in air and 13.27 grammes in deodorized alcohol, 
specific gravity 0.816. What is the specific gravity of the potas- 
sium dichromate? 
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19.705 — 13.27 = 6.435, the loss of weight in alcohol. 

19.705 -T- 6.435 = 3.062, the specific gravity as compared 
with alcohol. 

3.062 X 0.816 *= 2.495, the specific gravity as compared 
with water. 

Rule. — Weigh the substance in air, and then in some liquid 
in which it is insoluble. Divide the weight in air by the loss 
of weight in the liquid and multiply by the specific gravity of 
the liquid. 

PROBLEMS 

2. — What is the specific gravity of copper sulphate, if a piece 
weighs 20.311 grammes in air and 12.359 grammes in turpentine 
having a specific gravity of 0.86? 

Ans. 2.196 sp. gr. 

3. — A piece of borax weighs 23.62 grammes in air and 12.323 
grammes in alcohol, specific gravity 0.816. What is the specific 
gravity of the borax? Ans. 1.706 sp. gr. 

4. — A specific-gravity flask filled with chloroform weighs 
98.092 grammes; 12 grammes of salt is placed in the flask and 
the flask filled with chloroform. The weight of the flask, salt, 
and chloroform is 101.64 grammes. The specific gravity of the 
chloroform is 1.49. What is the specific gravity of the salt? 

5. — The capacity of a specific-gravity bottle is 50 grammes 
of water or 43.686 grammes of benzin. If 16 grammes of potasr 
sium chlorate are added to the bottle and filled with benzin the 
contents weigh 53.244 grammes. What is the specific gravity 
of the potassium chlorate? 

6. — A specific-gravity bottle weighs 20.5 grammes. When 
filled with water it weighed 70.5 grammes; when filled with ether 
it weighed 56.75 grammes; 25 grammes of sugar are placed in 
the bottle and the latter filled with ether, it then weighs 70.279 
grammes. What is the specific gravity of the sugar? 

23. — To Find the Specific Volume op a Liquid 

Specific volume is the volumetric ratio existing between the 
same weights of different bodies, as compared with the volume 
of the same weight of water. It is, therefore, the reciprocal of 
specific gravity. In pharmaceutical practice its use is confined 
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to liquids. Specific volume may be found by dividing the vol- 
ume of a given weight of the liquid by the volume of an equal 
weight of water. 

1. — Example. — 100 grains of glycerin measure 84 minims. 
100 grains of water measure 105 minims. What is the specific 
volume of the glycerin? 

84 -5- 105 = 0.8, the specific volume of the glycerin. 

A given weight of liquid cannot be as accurately measured 
as a given volume of liquid can be weighed. Therefore, a better 
method is to find the specific gravity and divide 1 by the specific 
gravity. 

Example. — The specific gravity of glycerin is 1.25. 1 -5- 1.25 
= 0.80, the specific volume of the glycerin. 

Rule. — Find the specific gravity of the liquid and divide 1 
by the specific gravity. The quotient is the specific volume. 

PROBLEMS 

2. — What is the specific volume of stronger ammonia water, 
specific gravity 0.90? Ans. 1.111 sp. vol. 

3.— Find the specific volume of nitric acid, specific gravity 
1.420. Ans. 0.7042 sp. vol. 

4. — The specific gravity of bromine is 2.990. What is its 
specific volume? Ans. 0.3344 sp. vol. 

5. — What is the volume of 50 grammes of chloroform, spe- 
cific gravity 1.49? 

6.— How many cubic centimeters in 50 grammes of ether, 
specific gravity 0.725? 

7. — What is the specific volume of chloroform if 1000 grains 
measure 1.473 fluidounces, and the same weight of water mea- 
sures 2.195 fluidounces? 

24. — To Find the Volume of a Given Weight of Any Liquid 

1. — Example. — How many fluidounces in 50 Avoirdupois 
ounces of glycerin? 50 X 0.96 (the equivalent in fluidounces 
of one Avoirdupois ounce of water) = 48, which is the equiva- 
lent in fluidounces of 50 Avoirdupois ounces. 48 X 0.8 (the 
specific volume of glycerin) = 38.4 fluidounces of glycerin; or 
we may divide by the specific gravity instead of multiplying 
by the specific volume. 
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(a) 50 X 0.96 X 0.8 - 38.4 or, 

(b) 60 X 0.96 -5- 1.25 = 38.4 fluidounces. 

Rule. — Change the given weight to its equivalent in the de- 
sired volume, and multiply by the specific volume of the liquid, 
or divide by its specific gravity. 

PROBLEMS 

2. — How majiy fluidounces in 75 Apothecaries' ounces of 
sulphuric acid, sp. gr. 1.84? Ans. 42.86 fl. oz. 

3. — How many fluidounces in 150 Av. oz. of nitric acid, sp. 
gr. 1.42? Ans. 101.4 fl. oz. 

4. — How many fluidounces in 400 grammes of olive oil, sp. 
gr. 0.915? Ans. 14.78 fl. oz. 

5. — How many cubic centimeters in 600 grammes of hydro- 
chloric acid, sp. gr. 1.16? 

6. — What is the cost of 8 fluidounces of glycerin, sp. gr. 1.25, 
when 10 pounds cost $2.20? 

7. — If a 500-gramme bottle of chloroform, sp. gr. 1.49, cost 
$1.10, what is the cost of 1 fluidounce? 

8. — In the following formula, change the quantities of the 

liquids to cubic centimeters: 

Ans. 

Pepsin 40 Gm. 

Hydrochloric acid 12 " 10.344 Cc. 

Glycerin 406.25 " 325 Cc. 

Water 660 " 660 Cc. 

9. — How many fluidounces will be formed by mixing a 
pound of chloroform with a pound of ether, no allowance being 
made for contraction? 

25. — To Find the Weight op a Given Volume op Ant Liquid 

1. — Example. — How many Apothecaries' ounces in 100 fl. 
oz. of chloroform? 100 X 0.95 = 95 Apothecaries' ounces. 95 
X 1.49, the sp. gr. of chloroform, « 141.55 Apoth. oz. of 
chloroform. 

Rule. — Change the given volume to its equivalent in the 
desired weight, and multiply by the specific gravity of the liquid. 

2. — What will one pint of chloroform, sp. gr. 1.49, cost if one 
pound costs 60 cents? Ans. 92.97 cents. 



24 

3. — What will one pint of ether, sp. gr. 0.716, cost if one 
pound cost 70 cents? Ans. 52.12 cents. 

4. — What will 5 gallons of glycerin, sp. gr. 1.25, cost at 20 
cents a pound? Ans. $10.40 

5. — How many pounds in one pint of mercury, sp. gr. 13.535? 

6. — How many grammes in a quart of ether, sp. gr. 0.716? 

7. — If 5 pints of sulphuric acid, sp. gr. 1.84, cost $1.15, 
what is the cost of one pound? 

8. — If glycerin, sp. gr. 1.25, costs 22 cents a pound, what is 
the cost of a gallon? 

26. — To Find the Volume op Pure Substance in a Given 
Weight of Liquid When the Per Cent, by 

Weight Is Given 

1. — Example. — A solution contains 10 per cent, by weight 
of glycerin. How many fluidounces of glycerin in 40 Apothe- 
caries' ounces of the solution? 

40 X 0.10 X 1.05 ^ 1.25 = 3.36 fl. oz. of glycerin. 

Rule. — Multiply the given weight by the per cent. The 
product will be the weight of pure substance. Convert into the 
desired volume according to section 24. 

PROBLEMS 

2. — How many fluidounces of absolute alcohol in 150 Apoth- 
ecaries' ounces of U S. P. dilute alcohol? 

Ans. 82.7 fl. oz. 

3.— How many cubic centimeters of oil of anise in 750 
grammes of spirit of anise, if the spirit contains 13 per cent, 
of the oil, having a sp. gr. of 0.98? Ans. 99.49 Cc. 

4. — How many cubic centimeters of ether, sp. gr. 0.716, and 
of alcohol, sp. gr. 0.816, in 810 grammes of spirit of ether, which 
contains 30 per cent, of ether and 70 per cent, of alcohol? 

Ans. 339.37 Cc. ether, 694.85 Cc. alcohol. 

5. — If white wine contains 12 per cent, by weight of alcohol, 
sp. gr. 0.79, how many fluidounces of alcohol are there in two 
quarts of wine, the specific gravity of the wine being the same 
as that of water? Ans. 9.721 fl. oz. 
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27 — To Find the Weight op Pure Substance in a Given 

Volume op Liquid When the Per Cent. 

by Volume Is Given 

1. — Example. — How many Apothecaries' ounces of absolute 
alcohol in 15 fluidounces of alcohol containing 60 per cent, 
by volume of absolute alcohol? 

15 X 0.60 - 9 (the volume of absolute alcohol) X 0.95 X 
0.797 » 6.814 Apoth. oz. absolute alcohol. 

Rule. — Multiply the given volume by the per cent. The 
product is the volume of pure substance. Convert this into 
weight according to section 25. 

PROBLEMS 

2. — Spirit of chloroform contains 6 cubic centimeters of 
chloroform in 100 cubic centimeters of the spirit. How many 
grammes of chloroform, sp. gr. 1.49, in 7500 cubic centimeters 
of the spirit? Ans. 670.5 grammes. 

3. — Spirit of cinnamon contains 10 per cent, by volume of 
the oil of cinnamon, which has a specific gravity of 1.06. How 
many grammes of the oil are required to make two and a half 
liters of the spirit? Ans. 265 grammes. 

4.— Liniment of ammonia contains: 

Ammonia water sp. gr. 0.96 35% by volume 

Alcohol sp. gr. 0.82 5% " 

Cotton-seed oil sp. gr. 0.92 60% " 

How many Apothecaries' ounces of each will be required 
to make two pints of the above liniment? Ans. Ammonia water, 
10.214 oz.; Alcohol, 1.246 oz.; Cotton-seed oil, 16.78 oz. 

5.— How many grammes of glycerin, sp. gr. 1.25, in 4 liters 
of syrup of wild cherry which contains 15 per cent, by volume of 
glycerin? 

6. — How many pounds of chloroform, sp. gr. 1.49, in a gallon 
of chloroform liniment which contains 30 per cent, by volume of 
chloroform? 

28. — To Find the Per Cent, by Volume When the Per 

Cent, by Weight Is Given 

1. — Example. — A mixture of alcohol and water, having a 
specific gravity of 0.9, contains 58 per cent, by weight of al- 
cohol. What is the per cent, by volume? 
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A unit weight of the solution contains 0.58 of a unit weight 
of absolute alcohol. This 0.58 of a unit weight divided by the 
specific gravity of absolute alcohol equals the volume of absolute 



0.S8 



alcohol which a unit weight of the solution contains, . 797 — 
0.7277. The volume of a unit weight of the solution is 1 divided 
by its specific gravity, of» - 1.111. The volume of absolute al- 
cohol divided by the volume of the solution equals the per cent, 
by volume, 0.7277 -5- 1.111 = 0.6549, the per cent, by vol. 

Thus, g£± -^ off =0.6549, or ^V X 0.9 - 0.6549. 

Rule. — Divide the weight per cent, by the specific gravity 
of the substance of which the per cent, is given and multiply 
by the specific gravity of the solution. 

PROBLEMS 

2. — Alcohol having a specific gravity of 0.9135 contains 52 
per cent, by weight of absolute alcohol. What is the per cent, 
by volume? Ans. 59.6 per cent. 

3. — What is the per cent, by volume of absolute alcohol in 
a solution having a specific gravity of 0.9623 and containing 
27 per cent, by weight of absolute alcohol? 

Ans. 32.59 per cent. 

4. — Alcohol containing 38 per cent, by weight of absolute 
alcohol has a specific gravity of 0.943. What is the per cent, 
by volume? 

5. — What is the per cent, by volume of commercial alcohol, 
sp. gr. 0.82, in a spirit containing 54.95 per cent, by weight of 
commercial alcohol and having a sp. gr. of 0.9184? 

6. — What is the per cent, by volume of glycerin, sp. gr. 1.25, 
in a mixture having a sp. gr. of 1.143 and containing 55 per cent, 
by weight of glycerin? 

7. — If spirit of ether has a sp. gr. of 0.7972 and contains 
30 per cent, by weight of ether, sp. gr. 0.725, what is the per 
cent, by volume? 

29. — To Find the Per Cent, by Weight When the Per 

Cent, by Volume Is Given 

1.— Example. — A solution of alcohol in water having a 
specific gravity of 0.9 contains 66 per cent, by volume of ab- 
solute alcohol. What is the per cent, by weight? 
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A unit volume of the solution contains 0.66 of a unit volume 
of absolute alcohol. 0.66 multiplied by the specific gravity ef 
absolute alcohol equals the weight of absolute alcohol in a unit 
volume of the solution: 0.66 X 0.797 = 0.526. The weight of 
a unit volume of the solution is 1 multiplied by its specific 
gravity, 1 Mi 0.9 = 0.9. The weight of absolute alcohol di- 
vided by the weight of the solution equals the per cent, by 
weight: 0.526 -s- 0.9 = 0.584. 

0.66 X 0.797 ■*- 0.9 - 0.584 or 58.4 per cent, by weight. 

Rule. — Multiply the per cent, by the specific gravity of the 
substance of which the per cent, is given and divide by the spe- 
cific gravity of the solution. 

PROBLEMS 

2. — Dilute alcohol having a specific gravity of 0.9264 con- 
tains 54 per cent, by volume of absolute alcohol. What per 
cent, by weight does it contain? Ans. 46.45 per cent. 

3. — What is the per cent, by weight of absolute alcohol in 
dilute alcohol having a specific gravity of 0.8557 and contain- 
ing 83 per cent, by volume of absolute alcohol. 

Ans. 77.3 per cent. 

4. — A dilute alcohol containing 11 per cent, by volume of 
absolute alcohol has a specific gravity of 0.9857. What per 
cent, by weight of absolute alcohol does it contain? 

5. — Tincture of ferric chloride has a specific gravity of 0.955 
and contains 25 per cent, by volume of the solution of ferric 
chloride, which has a specific gravity of 1.315. What is the per 
cent, by weight? 

6. — White wine having the same specific gravity as water 
contains 13 per cent, by volume of absolute alcohol. What per 
cent, by weight of absolute alcohol does it contain? 
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PERCENTAGE SOLUTIONS 



30. — To Find the Amount of Substance Required to Make 

a Given Quantity op a Solution When 

the Per Cent. Is Given 

Percentage solutions are manufactured by weight. There- 
fore, when the quantity to be prepared is given in fluid meas- 
ure, it must be changed to weight. 

1. — Example. — Prepare two fluidounces of a four-per cent, 
solution of cocaine. 

Two fluidounces of water weigh 911.4 grains. Four per 
cent, of 911.4 is 36.45 grains. 36.45 grains of cocaine are to be 
dissolved in sufficient water to make the total weight 911.4 
grains. 

Rule. — Reduce the volume to its equivalent weight and mul- 
tiply by the per cent. 

PROBLEMS 

2. — How many grains of mercury bichloride are required to 
make one pint of a 0.1-per cent, solution? 

Ans. 7.29 grains. 
3. — How many grammes of mercury bichloride are required 
to make 750 cubic centimeters of a 1 : 1000 solution? 

Ans. 0.75 Gm. 

4. — Carbolic-acid solution, 4% f $2 

Boric-acid solution, 5% f 3 2 

Mix. 

How many grains of boric acid and carbolic acid are required 
in the above prescription? 

Ans. Boric acid, 45.57 grn. ; Carbolic acid, 36.45 grn. 

5. — Make one fluidounce of a 2-per cent, veratrine oleate. 

When the solvent does not have the same specific gravity as 
water, then the specific gravity of the solvent must be consid- 
ered. A fluidounce of water weighs 455.7 grains; a fluidounce 
of oleic acid, having a specific gravity . of 0.9, weighs 0.9 X 
455.7 = 410.13 grains: 410.13 X 0.02 = 8.2 grains of veratrine 
to be added to sufficient oleic acid to make 410.13 grains. 



29 

Rule. — Reduce the volume to its equivalent weight and mul- 
tiply by the specific gravity of the solvent and multiply this 
product by the given per cent. 

6. — How many grains of boric acid are required to make 4 
fluidounces of a 5-per cent, solution in glycerin, sp. gr. 1.25? 

Ans. 113.9 grains of boric acid. 

7. — How many grains of iodine are required to make 4 fluid 
ounces of a 5-per cent, solution in alcohol, sp. gr. 0.82? 

8. — How many grammes of iodine must be dissolved in al- 
cohol, specific gravity 0.82, to make 50 cubic centimeters of 
5-per cent, solution? 

9. — Make half a fluidounce of carbolated oil containing 5 
per cent, of carbolic acid. 

If the specific gravity of the solvent is unknown, measure 
the required volume of the solvent and weigh it, then calculate 
the amount of the substance to be dissolved. Thus: Half a fluid- 
ounce of the oil weighs 208 grains: 5 per cent, of 208 grains is 
10.4 grains, the amount of carbolic acid to be used: 208 — 10.4 
= 197.6, the number of grains of oil to be used. 

In the preceding problems the amount of the medicament is 
so small that its volume has been considered equal to that of 
the solvent, but such is not the case. The volume occupied by 
various substances when dissolved in liquids is so variable that 
no definite correction can be given unless the specific gravity 
of the resulting solution is known. If the amount is small the 
decrease in volume need not be considered, but if more than 5 
per cent., an allowance should be made for the decrease in vol- 
ume, when the quantity ordered is by volume. A closer ap- 
proximation of the desired volume may be obtained by taking a 
volume of the solvent equal to the volume of the desired product, 
according to the following: 

31. — To Make a Solution of a Given Strength When the 

Quantity of the Solvent Is Given 

1. — Example. — How many grammes of potassium iodide 
must be dissolved in 484 cubic centimeters of water to make a 
12-per cent, solution? 

The finished solution must contain 12 per cent, of potassium 
iodide and 88 per cent, of water. Then the 484 gramme^ qf 
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water must be 88 per cent, of the finished solution and 1 per cent, 
is fa of 484, or 5.5 grammes. If 5.5 is 1 per cent., then 12 
per cent, is 12 times 5.5, or 66 grammes of potassium iodide to 
be dissolved in 484 grammes of water. 

Ride. — Divide the given quantity by 100 minus the given 
per cent. Multiply the quotient by the given per cent. The 
product represents the quantity of the substance to be dissolved 
in the given quantity of the solvent. 

2. — How many grammes of zinc sulphate must be dissolved 
in 470 grammes of water to make a 6-per cent, solution? 

Ans. 30 grammes. 

3. — How many grains of boric acid must be dissolved in 4 
fluidounces of water to make a 5-per cent, solution? 

4. — How many grammes of tannic acid must be dissolved in 
320 cubic centimeters of glycerin, sp. gr. ,1.25, to make a 20-per 
cent, solution? What will be the weight of the solution? 

5. — How many grains of cocaine must be dissolved in 2 fl. oz. 
oleic acid, sp. gr. 0.900, to make a 2-per cent, oleate? 

Ans. 16.74 grains. 

32. — To Reduce Solutions from a Higher to a Lower 

Percentage 

When per cent, by volume is used, the proportional parts are 
by volume. When per cent, by weight is used the proportional 
parts are by weight. 

When mixing liquids by volume that contract in volume 
when mixed, they should be allowed to stand until contraction 
ceases. Then add a sufficient quantity of the diluent to restore 
the required volume. 

I. — BY VOLUME 

1. — Example. — Make 48.6-per cent, alcohol by volume from 
94-per cent, alcohol by volume. 

Let the per cent, to which the strong liquid is to be diluted 
represent the volume of the strong liquid to be taken. Let the 
per cent, of the strong liquid represent the volume to which the 
strong liquid is to be diluted, and we have the following: 
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Take 48.6 volumes of 94-per cent, alcohol and add enough 
water to make 94 volumes. 

Rule. — To the number of volumes of the strong liquid, repre- 
sented by the required per cent., add sufficient diluent to make 
the volume represented by the per cent, of the strong liquid. 

II — BY WEIGHT 

2. — Example. — Make 41-per cent, alcohol, by weight, from 
91-per cent, alcohol, by weight. 

Let the required per cent, represent the number of weight- 
parts of the strong liquid to be taken. Let the per cent, of the 
strong liquid represent the number of weight-parts to which 
the strong liquid is to be diluted. 

Take 41 parts by weight of 91-per cent, alcohol and add 
sufficient water to make 91 parts, by weight. 

Rule. — To the number of parts by weight of the strong liquid, 
represented by the required per cent., add sufficient of the dil- 
uent to make the number of parts by weight represented by the 
per cent, of the strong liquid. 

PROBLEMS v 

3. — How many volumes of 60-per cent, alcohol are required 
to make 60 volumes of 40-per~cent. alcohol? 

Ans. 40 volumes. 

4. — How many grammes of 28-per cent! ammonia water 
must be taken to make 28 grammes of 10-per cent, ammonia 
water? Ans. 10 grammes. 

5.— How many grammes of strong sulphuric acid are re- 
quired to make 92.5 grammes of U. S. P. dilute sulphuric acid? 

6. — How many cubic centimeters of deodorized alcohol are 
required to make 95.1 cubic centimeters of U. S. P. dilute al- 
cohol? 

In the preceding problems the number of parts may be con- 
sidered as proportional, and, if a greater or less quantity is de- 
sired, the proportional parts may be multiplied or divided by the 
same number, as the case may require. In the third problem, 
instead of making 60 volumes, 180 volumes may be made by 
taking 3 times 40 volumes, or 120 volumes of 60-per cent, alcohol, 
and adding water to 3 times 60 volumes, or 180 volumes. Thus 
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15 volumes may be made by taking one-fourth of 40 volumes, or 
10 volumes of 60-per cent., and adding water to one-fourth of 60 
volumes, or 15 volumes. The preceding is identical in practice 
with the following: 

33. — To Make a Given Quantity of Solution of a Given 
Strength, by Diluting a Strong Solution 

1. — Example. — Make 370 grammes of 10-per cent, sulphuric 
acid from 92.5 per cent, sulphuric acid. 

370 X 0.10 = 37, the quantity of absolute acid required. 

37 -5- 0.925 = 40, the number of grammes of 92.5-per cent, 
sulphuric acid required. 

370 — 40 = 330, the number of grammes of water required. 

Rule. — Multiply the given quantity by the given or desired 
per cent., and divide by the per cent, of the stronger solution. 
The quotient is the amount of the stronger solution required to 
be diluted to the given quantity. 

PROBLEMS 

2. — How many grammes of glacial acetic acid are required 
to make 770 grammes of 36-per cent, acid? Ans. 280 Gm. 

3. — How many cubic centimeters of 94-per cent, alcohol must 
be taken to make 517 cubic centimeters of 50-per cent, alcohol? 

Ans. 275 Cc. of 94 per cent. 

4. — How many Imperial fluidounces of 94-per cent, alcohol 
are required to make 23.5 Imperial fluidounces of 40-per cent, 
alcohol? Ans. 10 fl. oz. of 94 per cent. 

5. — How many avoirdupois ounces of 68-per cent, nitric acid 
are required to make 17 Av. oz. of 10-per cent, acid? 

6. — How many grammes of 32-per cent, hydrochloric acid 
must be taken to make 192 grammes of 10-per cent, acid? 

7. — How many grains of 20-per cent, mercury oleate and 
oleic acid are required to make one Apothecaries' ounce of 5-per 
cent, mercury oleate? , 

8. — How many grammes of 18-per cent, opium ^nd sugar of 
milk are required to make 126 grammes of 14-per cent, opium? 

Ans. 98 Gm. of 18-per cent, opium and 28 Gm. of sugar of 
milk. 
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34. — To Reduce a Given Quantity of a Substance, op a 
Given Per Cent., to a Lower Per Cent. 

1. — Example. — Dilute 240 grammes of 92-per cent, sul- 
phuric acid to 12-per cent. acid. 

240 X 0.92 = 220.8 grammes of absolute sulphuric acid. 
220.8 -*- 0.12 = 184j0 grammes of 12-per cent. 
1840 — 240 = 1600 grammes of water to be added. 

Rule. — Multiply the given quantity by the given per cent, 
and divide by the required per cent. The quotient represents 
the quantity to which the liquid must be diluted. 

2. — How many cubic centimeters of 48-per cent, alcohol can 
be made from 500 cubic centimeters of 94-per cent, alcohol? 

Ans. 979.166 Cc. 

3. — How many avoirdupois ounces of 20-per cent, solution of 
zinc chloride can be made from 4 avoirdupois ounces of 50-per 
cent, solution of zinc chloride? 

.4. — How many drams of 6-per cent, mercury oleate may be 
made from 12 drams of 20-per cent, mercury oleate? 

5. — How many avoirdupois ounces of dilute hydrochloric 
acid can be made from 4 avoirdupois ounces of U. S. P. hydro- 
chloric acid ? 

35.— ALLIGATION APPLIED TO PHARMACY 

The application of the principles of alligation to the practice 
of pharmacy admits of extended use. Alligation, as applied to 
pharmacy, is the method of ascertaining the quantities of sub- 
stances of different strengths required to be mixed in order to 
produce a certain mixture of a given strength. 

1. — Example. — In what proportion must 12-per cent, and 
17-per cent, powdered opium be mixed to produce a 14-per cent, 
opium? 

If one part of a 17-per cent, opium is taken, 3 per cent, is 
gained. To gain 1 per cent, only $ of a part of 17-per cent, 
opium must be taken. If one part of 12-per cent, opium is taken 
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2 per cent, is lost. To lose 1 per cent, only J of one part must 
be taken. If i of one part of 17-per cent, and $ of one part of 
12-per cent, are mixed, the gain and loss will balance and a 14- 
per cent, will be produced. If we multiply both fractions by the 
same number we do not change the proportion. Therefore, we 
may take any number of times £ and £ and the strength of the 
resulting mixture will be the same. 

Rule. — Find the quantity, the strength of which is greater 
than the mean rate, that must be taken to gain one of the same 
denomination as the mean rate. Find the quantity, the strength 
of which is less than the mean rate, that must be taken to lose 
one of the same denomination as the mean rate. Change the 
fractions, if there are any, to whole numbers. The result is the 
number of parts of each that must be taken to produce the mean 
rate. 

2 parts of 17% opium 



14 



17 
12 



JX6«2, 
i+6=3, 



3 parts of 12% opium 



Make 5 parts of 14% opium 



Observe that the number in the final. result, in each case, is 
the same as the figure of the denominator of the fraction, of the 
substance with which it is to be mixed. From which we deduce 
the following: 

Rule. — Subtract the required per cent, from the greater per 
«cent. and place the difference opposite the lower per cent. Also 
subtract the lower per cent, from the required per cent, and 
place the difference opposite the greater per cent. The figures 
opposite each are the required result. 
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Thus: 

17 2, 2 parts of 17% 

12 3, 3 parts of 12% 
5 parts of 14% 

PROBLEMS 

2. — In what proportion must a 6-per cent, and a 14-per cent, 
•drug be mixed to produce one of 8-per cent.? 

Ans. 1 part of 14-per cent, and 3 parts of 6-per cent. 



35 

3. — In what proportion must 92-per cent, alcohol and 20-per 
cent, alcohol be mixed to produce 40-per cent, alcohol? 

Ans. 13 parts of 20-per cent., and 5 parts of 92-per cent. 

4. — Mix 8-per cent, and 28-per cent, ammonia water to make 
10-per cent, ammonia water. 

5. — In what proportion must 28-per cent, ammonia water 
and water be mixed to produce 10-per cent, ammonia water? 

When per cent, by weight is used, the proportionate parts are 
by weight. When per cent, by volume is used the proportionate 
parts are by volume. 

When mixing liquids by measure that contract in volume 
when mixed, they should be allowed to stand until contraction 
ceases. Then add sufficient quantity of the diluent to make the 
required volume. 

36. — To Find the Amounts Necessary to Make a Given 

Quantity 

The preceding results are proportional parts, and any mul- 
tiple of them may be taken so long as their relative proportions 
are retained. Therefore, if it is desired to make a given amount, 
it is only necessary to take as many times the number of parts 
as their sum is contained times in the required amount. 

1. — Example. — How many ounces of 12-and 18-per cent, 
powdered opium are required to make 24 ounces of 14-per cent, 
opium? 

1 part of 18-per cent, opium. 

2 parts of 12-per cent, opium. 

3 parts of 14-per cent, opium. 24 -*- 3 « 8 

8 X 1 = 8, or 8 oz. of 18-per cent, opium. 
8 X 2 = 16, or 16 oz. of 12-per cent, opium. 
Make 24 ounces of 14-per cent, opium. 

Rule. — Divide the required amount by the sum of the pro- 
portional parts, and multiply each member of the proportion by 
the quotient. 
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18 
12 



2 

4 
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PROBLEMS 

2. — How many grammes of 16-per cent, and 10-per cent, 
opium must be used to make a kilogramme of 14-per cent, 
opium? Ans. 666.666 Gm. of 16-per cent. 

333.333 Gm. of 10-per cent. 

3. — How many grammes of sugar of milk must be mixed 
with a 26-per cent, triturate to produce 10 grammes of a 10-per 
cent, triturate? Ans. 6 Gm. sugar of milk. 

4. — How many fluidounces of water and 28-per cent, am- 
monia water are required to make one quart of 10-per cent, am- 
monia water? As the per cent, of ammonia gas is by weight, a 
correction must be made for the difference in specific gravity. 

5. — How many grammes of 1.5 per cent, and 4-per cent, 
hydrogen peroxide water must be mixed to make 100 grammes 
of 3-per cent, hydrogen peroxide water? 

6. — How many avoirdupois ounces of U. S. P. hydrochloric 
acid and water must be mixed in order to produce one pint of 
10-per cent, hydrochloric acid? 

37. — To Find the Amount op One Ingredient When the 

Amount op the Other Is Given 

1. — Example. — How many ounces of sugar of milk must be 
mixed with 20 ounces of a 12-per cent, triturate to make a 5- 
per cent, triturate? 
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20-5-5=4 



Seven parts of sugar of milk are required for every 5 parts 
of triturate, therefore 4 X 7 = 28, the number of parts of sugar 
of milk to be added. 

Rule. — Find the proportion in which they are to be mixed. 
Divide the given quantity by the proportionate part of that 
quantity. Multiply the remaining proportionate part by the 
quotient arising from this division. 
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PROBLEMS 

2. — How many avoirdupois ounces of water must be added 
to 30 avoirdupois ounces of 25-per cent, nitric acid to produce a 
5-per cent, nitric acid? Ans. 120 Av. oz. 

3. — How many grammes of 20-per cent, alcohol must be 
added to 1000 grammes of 80-per cent, alcohol to make a 55-per 
cent, alcohol? Ans. 714.285 Gm. 

4. — Given 10 apothecaries' ounces of 91-per cent, alcohol to 
make a 45.5-per cent, alcohol. How many ounces of 20-per cent, 
alcohol are required? 

5. — Desired to make a solution containing 20 per cent, of 
hydrochloric acid, using 80 grammes of strong U. S. P. acid, 
and a sufficient quantity of dilute U. S. P. acid. How many 
grammes of the latter are required? 

6. — How many ounces of 92-per cent, alcohol must be added 
to 100 ounces of 30-per cent, alcohol to make a 50-per cent, al- 
cohol? 

7. — Given 25 ounces of 15-per cent, alcohol to make 45-per 
cent, alcohol. How many ounces of 85-per cent, alcohol are re- 
quired? 

38. — When More Than Two Substances op Different 

Strengths Are to Be Mixed 

1. — Example. — In what proportion must 8-, 10-, 16-, and 18- 
per cent, opium be mixed to form a 14-per cent, opium? 



- 8|4i2, 2 parts of 8% opium 
102 1, 1 " " 10% " 
16 4 2, 2 " " 16% " 
-18I6I3, 3 " " 18% " 



When an odd number of substances are used, or when the 
number of weaker per cents, exceed the stronger, or vice versa, 
some of the terms must be used more than once. Thus : 

2. — In what proportion must 8-, 16-, and 18-per cent, opium 
be mixed to form a 14-per cent, opium? 

r 81 2 4 6 1 part of 8% opium ) 
14 16J 6 6 1 " "16% " [.=3 parts of 14% opium. 
Ll8 6 6 1 " "18% " ) 
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Rule. — Write the per cents, in a column. Connect each one 
of the terms which is less than that of the required term with 
one that is greater, and each of those that are greater with those 
that are less. Solve each couplet as before. 

When there are several different terms, as many different 
results may be obtained as different couplets can be formed. 

3. — Example. — Obtain different results by mixing 18-, 16-, 
15-, 12-, and S-per cent, to form 14-per cent. Thus: 



14 I- 



— 8 



—18 



or 



-8— 
12— 






-8— 
12— 






__ 


—8 
-12— 




15- 


— 


or 


15— 


— or 




-15 


or 


16— 




-16 




16 . 




-18 






18— 








18— 





--8 
12 
15 

-16 
18 



8- 



or 



15— ' 
16- 



—18 



The student may secure as many different results as possible 
from the following problems. 



PROBLEMS 

4. — In what proportion, by volume, must 90-, 85-, 80-, 45-, 
30-, 25-, and 20-per cent, alcohols be mixed to produce a 40-per 
cent, alcohol? 

5. — Mix 92,- 84-,. 16-, and 8-per cent, sulphuric acids, to 
produce a 48-per cent, acid by weight. 

6. — How many grammes of 90-, 60-, 40-, and 10-per cent, 
sulphuric acids are required to make a 20-per cent, acid by 
weight? 

39. — When the Quantities op More Than One op the 

Terms Are Given 

• 1. — Example. — How many grammes of water are required to 
make a 10-per cent, sulphuric acid from 25 grammes of 30-per 
cent, and 50 grammes of 60-per cent, sulphuric acid? 

If we mix 25 grammes of 30-per cent, with 50 grammes of 
60-per cent., we will have 75 grammes of 50-per cent. Thus: 

25X30= 760 
50X60=3000 



75 



3750 3750-5-75 = 50 





50 


10 


10 











40 
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The question now becomes, how many grammes of water are 
required to make 10-per cent, sulphuric acid from 75 grammes 
of 50-per cent, sulphuric acid? 

1 part of 50% sulphuric acid. 
4 parts of water. 

If 1 gramme of 50-per cent, sulphuric acid requires 4 grammes 
of water, 75 grammes will require 75 times 4 grammes, or 300 
grammes of water. 

Rule. — Multiply each quantity by its per cent, and divide the 
sum of the products by the sum of the given quantities. The 
quotient is the mean per cent. Proceed as in 37, using the sum 
of the given quantities and the mean per cent, as one term. 

2. — How many grains of 18-per cent, opium must be mixed 
with 50 grains of 12-per cent., 80 grains of 13-per cent., and 40 
grains of 10-per cent, opiums to make powdered opium contain- 
ing 14 per cent, morphine? Ans. 85 grains of 18-per cent. 

3. — A pharmacist has recovered 200 Cc. of alcohol, having 
a specific gravity of 0.8526, and 450 Cc. of alcohol having a 
specific gravity of 0.909. How many Cc. of alcohol, 92-per cent, 
must be added to make an 88-per cent, alcohol? 

Ans. 3124.87 Cc. 

Note. — From the alcohol tables of the Pharmacopoeia find 
the per cent, by volume corresponding to the specific gravities, 
given at 15° C, and proceed as before. 

4. — How many grammes of oleic acid must be added to 10 
grammes of 20-per cent, and 25 grammes of 15-per cent, oleate 
of mercury, to make a 5-per cent, oleate of mercury? 

5. — How many avoirdupois ounces of carbolic acid, 95-per 
cent., is it necessary to add to 12 ounces of 5-per cent, and 16 
ounces of 12-per cent, to make a solution containing 15 per cent, 
of carbolic acid? 

Alligation may also be expressed in the following form: 

14 



r 



8 10 16 18 

2 4 6 
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Therefore, 2 of 8-per cent., 1 of 10-per cent., 2 of 16-per 
cent., and 3 of 18-per cent, must be mixed to produce 14-per 
cent. 

40. — Alligation Applied to the Mixing op Liquids op 

Different Specific Gravities 

Alligation may be employed in mixing liquids of different 
specific gravities, when no change in volume occurs. The proc- 
ess is the same as in articles 35 to 39, except that specific grav- 
ities are used in place of per cent. The ratios are by volume. 

1.— Example.— In what proportion must glycerin, specific 
gravity 1.25, and water be mixed to produce a specific gravity 
of 1.10? 



i in I 1'^* 
1,10 1.00 



10 I 2 parts of glycerin. 
15 I 3 parts of water. 



2. — How many cubic centimeters of hydrochloric acid, spe- 
cific gravity 1.20, must be mixed with 150 Cc. of hydrochloric 
acid, specific gravity 1.10, to produce an acid having a specific 
gravity of 1.16? Ans. 225 Cc. 

3. — How many cubic centimeters of water must be added to 
84 Cc. of nitric acid, Sp. Gr. 1.42, to make an acid having a 
Sp. Gr. of 1.075? Ans. 386.4 Cc. of water. 

4. — How many fluidounces of alcohol, specific gravity 0.85 
and 0.95, must be mixed to make two pints of alcohol having a 
specific gravity of 0.87? 

No dependence can be placed on the results in the case of 
liquids that contract in volume on being mixed; as the following 
example will serve to illustrate: 

5. — How many cubic centimeters of alcohol, specific gravity 
0.812, and water must be mixed to produce 1000 cubic centi- 
meters of alcohol having a specific gravity of 0.93? 

9 « I 0.812 1 7 

uy * I 1.000 I 11.8 



1000-M8.8«53.19 

7 X 53. 19 - 372.33 Cc. of alcohol. 
11.8X53.19=627.64 Cc. of water. 

999.97 
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According to the above calculation, if 372.33 cubic centi- 
meters of alcohol are mixed with 627.64 cubic centimeters of 
water, 999.97 cubic centimeters of a mixture having a specific 
gravity of 0.93 should be produced, but in actual practice it pro- 
duces 976 cubic centimeters of a mixture having a specific 
gravity of 0.953. 

In order to produce an alcohol having a specific gravity 
of 0.93, equal volumes of alcohol and water must be mixed. 
While the difference in specific gravity may appear but slight, 
the actual difference in strength of the two mixtures amounts 
to 12.7 per cent, by volume of alcohol. 



ATOMIC AND MOLECULAR WEIGHTS 

Elements are made up of infinitesimal particles called atoms. 
There are as many different kinds of atoms as there are elements. 
An atom is the smallest particle of an element that can enter 
into the composition of a molecule. A molecule is the smallest 
particle into which a substance can be divided without losing its 
identity. Molecules unite to form matter, If matter has 
weight it follows that molecules and atoms have weight. The 
relative weights of these atoms, compared with oxygen 16 as a 

unit, are their atomic weights. 

» 

Symbols are used to represent the elements. Each symbol 
represents one atom of the element, and as each atom has a 
definite weight, then each symbol must represent a definite 
weight of the element. As molecules are made up of atoms, it 
follows that the molecular weight of a substance must be equal 
to the sum of the weights of the atoms of which it is composed. 



41.— To Find the Molecular Weight of a Substance from 

Its Formula 

1. — Example. — What is the molecular weight of sodium 
phosphate? One molecule contains Na2HP0 4 + 12H 2 0. The 
atomic weight of sodium is 23; hydrogen, 1.008; phosphorus, 
31.04; oxygen, 16. 
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2 atoms of Na weigh, 2X23 =46. 

25 " " H " 25X1.008= 25.2 

1 " " P " 31.04= 31.04 

16 " " O 16X16 =256. 



358.24 molecular weight. 

Rule. — Multiply the atomic weight of each element by the 
number of atoms of that element in the molecule. The S'lm of 
the products will be the molecular weight. 

Molecules may contain atoms of like or unlike elements. 
The molecules of nearly all of the elements contain two atoms; 
therefore, their molecular weight is twice their atomic weights. 
The following are the principal exceptions: 

Mercury, cadmium, zinc, sodium, and potassium are mon- 
atomic; therefore, their molecular weights are the same as their 
atomic weights. Phosphorus and arsenic are tetratomic; there- 
fore, their molecular weights are four times their atomic weights. 

PROBLEMS 

Find the molecular weights of the following: 

2. — Sodium nitrate , Ans. 85.01 

3.— Water. Ans. 18.106 

4. — Anhydrous ferrous sulphate. Ans. 151.91 

5. — Crystallized ferrous sulphate. 

6. — Potassium bromide. 

Atomic weights are relative weights. Therefore, they may 
be adapted to the use of any system of weights, or weights of 
any size. In the sodium phosphate already given, the quan- 
tities obtained may be used equally well as grammes, grains, 
ounces, or pounds. If grains were taken, then 358.24 grains 
of sodium phosphate would contain 46 grains of sodium, 25.2 
grains of hydrogen, 31.04 grains of phosphorus, and 256 grains 
of oxygen. 

42. — To Find the Percentage Composition op a Substance 
When the Molecular Formula Is Given 

1. — Example. — What is the percentage composition of nitric 
acid? 

The molecular weight of nitric acid is to the atomic weight 
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of hydrogen as 100 is to the percentage of hydrogen, as shown 
in the following equation: 

HNO, : H :: 100 : x 

63.02 : 1.008 :: 100 : 1.599«% of H 

The molecular weight is to the atomic weight of nitrogen as= 
100 is to the percentage of nitrogen, 

HNO, : N :: 100 : x 

63.02 : 14.01 :: 100 : 22.23 = % of N 

As there are three atoms of oxygen in nitric acid, the weight 
of the combined atoms of oxygen is 48; therefore, . 

HNO s :3of O :: 100 : x 

63.02 : 48 :: 100 : 76.166 - % of O 

Rule. — Multiply the sum of the atomic weights of each ele- 
ment by 100, and divide by the molecular weight of the sub- 
stance; or, by proportion. The molecular weight is to the sum 
of the atomic weight of each element as 100 is to x. 

PROBLEMS 

Find the percentage composition of the following: 
2. — Benzoic acid, HC7H5O2. 

Ans. H, 4.955; C, 68.8; O, 26.21 per cent. 
3.— Sodium chloride, NaCl. Ans. Na, 39.34; CI, 60.65. 
4— Alcohol, CyEUO. Ans. C, 52.11; H, 13.13; O, 34.73. 
5. — Ammonia gas, NH 8 . Ans. N, 82.24; H, 17.75. 

6. — Zinc sulphate, ZnSC>4. 
7.— Water, H 2 0. 
8. — Morphine, C17H29NO8. 
9. — Paraldehyde, CeHuOs. 

43. — To Find the Percentage op Two or More Elements in 
a Substance When Its Formula Is Given 

1. — Example. — What per cent, of sulphuric anhydride, SOs, 
and barium oxide, BaO, is present in barium sulphate, BaS0 4 ? 

Barium sulphate is to barium oxide as 100 is to the per cent, 
of barium oxide. 

BaS0 4 : BaO ::100:x 

233.44 : 153.37 :: 100 : 65.69, per cent, of BaO. 
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Barium sulphate is to sulphuric anhydride as 100 is to the 
per cent, of sulphuric anhydride. 

BaS0 4 : SO, :: 100 : x 

233.44 : 80.07 :: 100 : 34.3, per cent, of S0 3 . 

Ride. — Multiply the sum of the atomic weights sought by 
100, and divide by the molecular weight of the substance given; 
or by proportion. The molecular weight of the substance given 
is to the molecular weight of the substance sought as 100 is to 
the per cent, of the substance sought. 

PROBLEMS 

2. — What per cent, of water is present in crystallized phos- 
phate of sodium, Na«HP04 + 12 H 2 0? Ans. 60.34 per cent. 

3. — What per cent, of potassium chloride, KC1, may be ob- 
tained from potassium chlorate, KClOa, if the oxygen is driven 
off by heat? # Ans. 60.82 per cent. 

4. — Ammonia gas forms what per cent, of ammonium 
chloride? 

5. — What per cent, of crystallized sodium carbonate, Na^CC^ 
+ 10H 2 O, is andydrous sodium carbonate? 

6. — When crystallized ferrous sulphate is heated to 115° C. 
it loses 6 molecules of water of crystallization. What per cent, 
is lost? 

44. — To Find the Weight of One or More Elements in a 

Given Quantity of Substance 

1. — Example. — How much bromine is there in 12 ounces of 
potassium bromide? 

The molecular weight of potassium bromide is to the atomic 
weight of the bromine as the given quantity is to the desired 
quantity. 

KBr 1 Br '. '. 12 \x 
119.02 : 79.92 : : 12 : 8.05, ounces of bromine 

Rule. — The sum of the atomic weights of the substance of 
which the quantity is given is to the sum of the atomic weights 
of the substance of which the quantity is desired as the given 
quantity, is to the weight sought. 
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PROBLEMS 

2. — How many grammes of potassium chloride can be ob- 
tained from 1000 grammes of potassium chlorate? 

Ans. 608.3 Gm. 

3. — How many ounces of exsiccated ferrous sulphate may be 
manufactured from 25 Av. ounces of crystallized ferrous sul- 
phate, if six molecules of water are removed by heat? 

Ans. 15 oz., 106.7 grains. 

4. — How many lbs. of carbonic acid gas are lost when 50 lbs. 
of carbonate of lime are converted into oxide? 

5. — When crystallized sodium carbonate is exposed to dry 
air it loses half of its water of crystallization. How many ounces 
of effloresced sodium carbonate may be obtained from 5 ounces 
of the crystallized carbonate? 

45. — To Find the Amount op One Substance Required to 
Unite with a Given Quantity of Another 

When working problems that involve chemical action, it is 
advisable to first write an equation that completely expresses 
the chemical action and the exact amount of each substance rep- 
resented in the equation. This will prevent overlooking cases 
where more than one molecule of a substance unites with only 
one molecule of another. In many cases water is in actual com- 
bination with a substance, and should not be neglected when it 
forms a part of one or both terms of a problem, as in the case 
of citric acid in the problem given below. 

1. — Example. — How many grains of citric acid are required 
to unite with 2 drams of potassium bicarbonate to form potas- 
sium citrate? 

3KHCO, + H,C«H 6 7 .H 2 = K,C«H 6 7 H,0 + 3H,0 + 3CO, 
3 X 100.11 210.08 

As three molecules of potassium bicarbonate are required to 
unite with one molecule of citric acid, the number of parts of 
potassium bicarbonate required to unite with 210.08 parts of 
citric acid are three times its molecular weight, or 300.33 parts. 
If 300.33 parts of potassium bicarbonate require 210.08 parts 
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of citric acid, one part or one grain will require 30 J. S3 of 210.08 
or 0.6994 of one grain. Then 120 grains will require 120 
X 0.6994, or 83.938 grains of citric acid. 

Or, by proportion, 300.33 : 210.08 : : 120 : 83.938 grains 
of citric acid. 

Rule. — Same as under section 44. 

PROBLEMS 

2— How many grammes of sodium bicarbonate are required 
to unite with 600 grammes of absolute sulphuric acid? 

Ans. 1027.745 grammes. 

3. — If hydrogen sulphide is passed into a solution containing 
50 grammes of lead acetate, how many grammes of the gas will 
be consumed in the precipitation of the lead as sulphide? 

Ans. 4.495 Gm. 

4.— Find the number of grains of hydrochloric acid gas that 
will be required to unite with an apothecaries' ounce of potas- 
sium bicarbonate. Ans. 174.86 grains. 

5. — Find the number of grains of salicylic acid which must 
be mixed with 4 drams of sodium bicarbonate to form sodium 
salicylate. Ans. 394.381 grains. 

6— Find the number of ghmunes of ammonium carbonate 
required to combine with 200 grammes of citric acid to form 
ammonium citrate. Ans. 149.677 Gm. 

7. — How many grammes of iodine are required to unite 
with 60 grammes of iron to form ferrous iodide? 

8. — How many grammes of iron are consumed in the manu- 
facture of ferrous iodide from 75 grammes of iodine? 

9.— How many grammes of potassium iodide are required to 
unite with 331 grammes of mercuric chloride to form mercuric 
iodide? 

10. — How many grammes of mercury may be dissolved in 
strong nitric acid, which contains 25 grammes of absolute acid? 
The solution to be made without heat. 

11. — How many grains of absolute hydrochloric acid are re- 
quired to dissolve 3 drams of mercuric oxide? 
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46. — To Find the Amount of Substance Required to Make 

a Given Quantity op Product 

1. — Example. — How many grammes of silver will be re- 
quired to make 18 grammes of silver nitrate? 

AsNOx ! Afc i! 18 i x 

169.89 : 107.88 :: 18 : 11.43, the amount of silver required. 

Rule. — Same as under section 44. 

PROBLEMS 

2. — How many ounces of metallic iron, assuming the iron to 
be pure, will be required to make 32 oz. of crystallized ferrous 
sulphate? Ans. 6.437 oz. 

3.— How many grains of magnesium oxide will be required 
to make 450 grains of magnesium sulphate? Ans. 73.6 grains. 

4.— How many grammes of pure metallic zinc must be dis- 
solved in hydrochloric acid to make 1500 grammes of zinc 
chloride? Ans. 719.31 grammes of Zn. 

5.— How many grammes of iodine will be consumed in the 
manufacture of a kilogramme of lead iodide? 

6. — How many grains of bromine are there in an apothe- 
caries' ounce of ferrous bromide? 

7. — How many grammes each, of pure calcium oxide and 
hydrochloric-acid gas, are required to manufacture 500 grammes 
of crystallized calcium chloride? 

47. — To Find the Amount op Material Formed from a 

Given Quantity op Substance 

1. — Example. — How many grammes of calomel will be 
formed by treating 100 grammes of corrosive sublimate with 
an excess of mercury? 

PROBLEMS 

HgCl, : 2HgCl 

271.52 : 472.12 :: 100 : 173.88 Gm. of HgCl. 

Rule. — The same as under section 44. 
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PROBLEMS 

2. — How many grammes of mercuric chloride can be formed 
from 120 grammes of mercury? 

Ans. 162.424 Gm. of HgCl 2 . 

3. — How many grains of barium carbonate will be formed 
by passing carbon dioxide through a solution containing 1000 
grains of barium chloride? Ans. 807.83 grn. of BaCOa. 

4. — If a solution containing 500 grammes of silver nitrate 
is precipitated by hydrochloric acid, how much silver chloride 
will be formed? What quantity of silver does it contain? 

5. — If an excess of iron wire is acted upon by 45 grammes 
of iodine, how many grammes of ferrous iodide will be formed? 

48. — When the Given Quantity Is Not Absolute but op a 

Definite Strength 

1. — Example. — How many grammes of sodium bicarbonate 
will be required to neutralize 150 grammes of hydrochloric acid? 

Absolute hydrochloric acid is a gas, and is found in com- 
merce only as a solution of the gas in water, of varying strength. 
In the problem the strength of the acid is not given; therefore, 
it must be considered as the strong pharmacopceial acid, which 
contains 31.9 per cent, by weight of acid. One hundred and 
fifty grammes of hydrochloric acid contains 31.9 per cent, of 
150, which is 47.85 Gm. of absolute HC1. 

HC1 :NaHCO, 

36.47 : 84.01 :: 47.85 : 110.225 Gm. of NaHCO, 

Rule. — Multiply the given quantity by the per cent, and pro- 
ceed as in section 44. 

PROBLEMS 

2.— How many grains of barium sulphate will be precipi- 
tated by treating 4 apothecaries' ounces of dilute sulphuric acid 
r^th barium chloride? Ans. 466.7 grains. 

" 3. — How many ounces of pure potassium hydroxide may 
be neutralized by 100 ounces of 10-per cent, nitric acid? 

Ans. 8.9 oz. 
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4. — How many grammes of magnesium carbonate may be 
formed from 250 grammes of a 30-per cent, solution of mag- 
nesium sulphate? 

5. — If an excess of zinc is treated with 12 avoirdupois 
ounces of hydrochloric acid, how many ounces of zinc chloride 
will be formed? 

6. — If 400 grains of sodium carbonate, which contains 75 
per cent, of anhydrous sodium carbonate, be treated with salicy- 
lic acid, how many grains of sodium salicylate will be formed? 

49. — When the Desired Quantity Is to «Be op a Certain 

Strength 

1. — Example. — How many grammes of 10-per cent, hydro- 
chloric acid will be required to precipitate the silver from a 
solution containing 12 grammes of silver nitrate? 

In this case the per cent, does not refer to the substance 
of which the quantity is given, but to the required substance. 
The per cent, cannot be taken into consideration until the 
amount of absolute substance has been obtained. Therefore, 
in this problem the first step is to find the amount of absolute 
hydrochloric acid required and then divide by the per cent. 

AgNO, : HC1 

169.89 : 36.47 :: 12 : 2.576= absolute HC1 
2.576-5-0.10 = 25.76 

Rule. — Find the amount of absolute substance required, as 
in section 44, and divide by the per cent. 

PROBLEMS 

2. — How many grammes of 96-per cent, sulphuric acid will 
be required to precipitate 725 grammes of lead sulphate from 
a solution of lead acetate? 

Ans. 244.302 Gm. of 96-per cent, sulphuric acid. 
3. — How many ounces of 25-per cent, nitric acid will be 
required to neutralize 5 ounces of sodium" bicarbonate? 

Ans. 15 oz. of 25% HN0 8 . 
4. — How many grammes of 15-per cent, solution of silver 
nitrate are required to precipitate silver iodide from a solution 
containing 80 grammes of sodium iodide? 

Ans. 604.373 Gm. of 15-per cent. AgN0 8 . 
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5. — How many grammes of 32-per cent, hydrochloric acid 
are required to liberate the carbonic acid from 1575 grammes 
of a 15-per cent, solution of potassium carbonate? 

6. — How many ounces of a solution containing 5 per cent, 
of barium chloride will be required to precipitate twenty-five 
•ounces of a solution containing 20-per cent, of zinc sulphate? 



VOLUMETRIC ANALYSIS 

50. — Volumetric Solutions 

Volumetric analysis is the quantitative estimation of sub- 
stances by means of solutions of known strength, the quantity 
of substance being determined by the volume of the standard 
solution used. The strengths of volumetric solutions are based 
upon their combining power, compared with the valency of 
iydrogen. 

AgNO, + HC1 - AgCl + HNO, 
169.89 36.47 143.34 63.02 

Thus, 36.47 parts of hydrochloric acid will unite with 169.89 
parts of silver nitrate. Therefore, if 36.47 grammes of absolute 
hydrochloric acid are dissolved in a liter of water, and 169.89 
grammes of silver nitrate in another liter of water, and the two 
solutions are mixed, there will be just enough acid to precipitate 
all the silver. The same will be true if any number of cubic 
centimeters of one solution be mixed with an equal number of 
<;ubic centimeters of the other solution. If one liter of a solution 
contains 36.47 grammes of hydrochloric acid, each cubic centi- 
meter would contain \foft? or 0.03647 gramme, and would be 
equivalent to 0.16989 gramme of silver nitrate, or, to T ijW of 
the combining weight, in grammes, of any other substance with 
which it will unite, e. g., 0.05611 gramme of potassium hydroxide. 

A normal solution is one that contains the combining weight, 
expressed in grammes, of the active reagent in one liter of the 
solution. The combining weight or valency of a substance must 
not be confounded with the molecular weight. 

The Pharmacopoeia defines a normal solution, N/1, as one 
that contains in 1 liter the molecular weight of the active re- 



51 

agent, expressed in grammes, and reduced to the valency corre- 
sponding to one atom of replaceable hydrogen or its equivalent. 
Hydrochloric acid contains one atom of replaceable hydrogen, 
Sodium hydroxide and sodium chloride each contain one atom 
of sodium capable of replacing one atom of hydrogen. There- 
fore, their normal solutions should contain respectively, HC1, 
36.47 Gm.; NaOH, 40.01 Gm.; and NaCl, 58.46 Gm., in one 
liter. Sulphuric and oxalic acids each contain 2 atoms of re- 
placeable hydrogen. Therefore, one liter of N/1 H3SO4, mo- 
lecular weight 98.09, should contain 49.045 Gm. One liter of 
N/1 oxalic acid, H2C2O4.2H2O, mol. wt. 126.05, should contain 
63.025 grammes. Two molecules of potassium permanganate 
in oxidation give off 5 atoms of oxygen, which are equivalent to 
10 atoms of hydrogen; therefore, one-fifth of one molecule of 
potassium permanganate represents the number of grammes for 
one liter of normal solution. 

KMn0 < + 5 = 31.606 Gm. 



158.03 



Decinormal solutions are one-tenth the strength of normal, 
and are expressed as N/10. Centinormal solutions are one-hun- 
dredth the strength of normal, and expressed as N/100. Semi- 
normal solutions are one-half the strength of normal, and are 
expressed as N/2. The following strengths are sometimes used: 
Twice the strength of normal, 2/N. One-twentieth normal, 
N/20. One-fortieth normal, N/40. One-fiftieth normal, N/50. 

The Pharmacopoeia gives complete directions /for the manu- 
facture of volumetric solutions, and, under each, a list of articles 
with the amount of each article that is equivalent to one cubic 
centimeter of the volumetric solution. 

51. — To Find the Factor 

Many volumetric solutions change on standing. When this 
has occurred, instead of bringing them back to their original 
strength, many prefer to ascertain their strength and make the 
necessary correction each time they are used. 

1. — Example. — On exposure to air a decinormal solution of 
potassium hydroxide has absorbed carbon dioxide until 10.5 
cubic centimeters of the solution are required to neutralize 10 
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cubic centimeters of decinormal acid. What correction must 
be made for each cubic centimeter of solution used? 

10 -T- 10.5 = 0.952. If 10.5 cubic centimeters were required 
instead of 10, then one cubic centimeter of the solution is equal 
to tW> or, 0.952 Cc. Since one cubic centimeter of the solution 
is the equivalent of only 0.952 of one cubic centimeter of a stand- 
ard solution, then whenever this solution is used, the number of 
cubic centimeters of the solution consumed must be multiplied 
by the factor 0.952. 

Ride. — Test the solution with a standard solution and divide 
the number of cubic centimeters of the standard solution taken 
by the number of cubic centimeters of the solution used; the 
quotient will be the factor. 

PROBLEMS 

2. — What will be the factor of an acid solution if 10 cubic 
centimeters of a standard alkali solution neutralize 9.4 Cc. of 
the acid solution? Ans. 1.064. 

3. — What is the factor of sodium-thiosulphate solution if 
28 Cc. are required to decolorize 25 Cc. of standard iodine solu- 
tion? Ans. 0.89249. 

4. — How many cubic centimeters of standard sulphuric acid 
are equivalent to 40 Cc. of N/10 acid which has a factor of 
1.062? Ans. 42.48 Cc. 

5. — How many grammes of silver nitrate in 25 Cc. of N/1 
solution having a factor of 0.975? 

6. — What is the factor for a solution of potassium hydroxide 
if 55 Cc. of N/100 are required to neutralize 5 Cc. of a standard 
N/10 acid? 

7. — How many grammes of absolute hydrochloric acid in 45 
Cc. of N/20 acid having a factor of 1.02? 

8. — What is the factor for a volumetric solution of potassium 
hydroxide if 22.6 Cc. of N/40 are required to neutralize 5 Cc. 
of N/10 acid? 

52. — Alkalimetry 

1. — Example. — What is the strength of caustic potassa when 
0.5 Gm. neutralizes 8 Cc. of N/1 acid? 
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Since one cubic centimeter of normal acid will neutralize 
0.05611 Gm. of potassium hydroxide, 8 cubic centimeters will 
neutralize 8 times 0.05611 or 0.44888 Gm. If half a gramme of 
caustic potassa contains QJA&8& gramme of potassium hydroxide, 
100 grammes will contain as many times 0.44888 gramme as 0.5 
is contained times in 100, or 0.44888 X^ 88 89.776 Gm., or 
89.776 per cent. 

Rule. — Find how many cubic centimeters of standard acid 
are required to neutralize a definite quantity of the alkali, then 
multiply the number of cubic centimeters of acid used by the ' 
equivalent of the alkali that will neutralize one cubic centimeter 
of acid, and multiply this pr oduct by the given quantity divided 
by the quantity used. 

PROBLEMS 

2. — How many grammes of potassium hydroxide are there in 
800 cubic centimeters of a solution, when 10 cubic centimeters 
of the solution require 25 cubic centimeters of normal acid to 
neutralize it? Ans. 112.22 Gm. 

3. — What degree of purity has lithium carbonate if 0.5 
gramme of the dry salt, when dissolved in water, neutralizes 13.5 
cubic centimeters of normal sulphuric acid, using methyl orange 
as indicator? Ans. 99.738 per cent. 

4. — How many pounds of anhydrous sodium carbonate are 
present in 50 lbs. of commercial washing soda, if two grammes, 
when dissolved in water and titrated, using methyl orange as in- 
dicator, require 18 Cc. of N/1 sulphuric acid for neutralization? 

Ans. 23.85 lbs. 

5. — A pharmacist had 100 pounds of commercial sodium car- 
bonate that had previously lost part of its water of crystalliza- 
tion, so that when tested 1 Gm. neutralized 8 Cc. of N/1 volu- 
metric solution of sulphuric acid. What was its original weight? 

6. — How many grammes of ammonia gas in 750 Cc. of am- 
monia water, if 5 Cc. require 30 Cc. of N/1 sulphuric acid for 
neutralization? 
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53. — ACIDIMETRY 

1. — Example. — How many grammes of absolute hydrochloric 
acid are there in 160 grammes of acid if 5 grammes of the solu- 
tion require 40 cubic centimeters of normal potassium hydroxide 
for neutralization? 

Since one cubic centimeter of normal alkali will neutralize 
0.03647 gramme of hydrochloric acid, 40 cubic centimeters will 
neutralize 40 times 0.03647, or 1.4588 grammes of HC1. If 5 
grammes of the acid contain 1.4588 grammes, 160 grammes will 
contain as many times 1.4588 grammes as 5 is contained in 160, 
or, 1.4588 X :L P= 46.68 grammes of absolute hydrochloric acid. 

Ride. — Find how many cubic centimeters of standard alkali 
are required to neutralize a definite quantity of the acid, then 
multiply the number of cubic centimeters of alkali used by the 
equivalent of the acid that will neutralize one cubic centimeter 
of the standard alkali, and multiply this product by the given 
quantity divided by the quantity used. 

PROBLEMS 

2. — What is the strength of acetic acid when 30 cubic centi- 
meters of normal potassium hydroxide are required to neutralize 
5 grammes of the acid? Ans. 36 per cent. 

3. — When 4 grammes of acetic acid neutralize 40 cubic cen- 
timeters of decinormal potassium hydroxide solution, what is 
the strength of the acid? Ans. 6 per cent. 

4. — How many cubic centimeters of decinormal sulphuric 
acid are required to neutralize 50 grammes of a 5-per cent, solu- 
tion of potassium hydroxide? Ans. 445.57 Cc. 

5. — How many grammes of acid in 500 cubic centimeters of 
commercial hydrochloric acid if 2 cubic centimeters neutralize 
17 cubic centimeters of normal potassium-hydroxide solution, 
factor 0.952? 

6. — If 5 grammes of aromatic sulphuric acid are mixed with 
water and boiled thoroughly, and when cold require 20 cubic 
centimeters of normal potassium hydroxide for neutralization, 
what is the strength of the acid? 
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7. — Forty cubic centimeters of normal potassium hydroxide 
are required to neutralize 3 grammes of tartaric acid. What is 
the strength of the acid? 

64. — SiLVEB-NlTRATE VOLUMETRIC SOLUTION 

PROBLEMS 

1. — What per cent, of potassium iodide is present in com- 
mercial potassium iodide, when 0.5 Gm. requires 29.8 Cc. of 
N/10 silver nitrate solution to produce a permanent red color 
when tested according to the Pharmacopoeia? 

KI + AgNO, = Agl + KNO, 

Ans. 98.947 per cent. 
2. — What is the strength of diluted hydrobromic acid, when 
1 Gm. requires 12 Cc. of N/10 silver nitrate to produce a perma- 
nent red tint with potassium chromate as indicator? 

Ans.' 9.71 per cent. 

3. — What is the strength of potassium cyanide when 0.5 Gm, 
of the commercial salt requires 70 Cc. of N/10 silver nitrate solu- 
tion for complete precipitation? Ajis. 91.15 per cent. 

4.— How many grammes of pure potassium cyanide are there 
in 50 grammes of the commercial salt if 1 gramme requires 69 
Cc. of decinormal silver nitrate to produce a faint, permanent 
precipitate, when tested according to the Pharmacopoeia? 

Ans. 44.926 Gm. 

Note. — As the double cyanide of potassium and silver is 
formed, one molecule of silver nitrate is equivalent to two mole- 
cules of potassium cyanide. Therefore, one cubic centimeter of 
decinormal silver nitrate is equivalent to 0. 0129 3 Gm. of potas- 
sium cyanide. Had the silver solution been added to complete 
precipitation it would have required 138 Cc, for the double salt 
would have been broken up and silver cyanide formed as in the 
third problem. Thus: 

2KCN + AgNO, - KAg(CN), + KNO, 
KAg(CN), + AgNO, - 2AgCN + KNO, 

5. — What is the strength of dilute hydrocyanic acid if 2 Cc. 
require 14.2 Cc. of decinormal silver nitrate for complete pre- 
cipitation? 
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6. — What per cent, of hydrocyanic acid is present in fl. ext. 
of wild-cherry bark, when the distillate from 10 Cc. is carried 
into 10 Cc. of decinormal silver-nitrate solution and 6.5 Cc. of 
decinormal potassium-sulphocyanide solution are required to 
precipitate the excess of silver nitrate? 

Note. — Volumetric solution of potassium sulphocyanide is 
only used in residual titration as in above problem. The silver 
nitrate must be present in excess, and a few drops of a solution 
of ferric nitrate added, then the excess of silver nitrate deter- 
mined by adding the solution of sulphocyanide until a per- 
manent reddish-brown tint is produced. Each Cc. of the sul- 
phocyanide is equivalent to one Cc. of the silver nitrate solution. 

7. — How many grains of ferrous iodide in one avoirdupois 
pound of syrup of iodide of iron if 1.536 grammes of the syrup, 
when tested according to the Pharmacopoeia, using 6 Cc. of 
decinormal silver-nitrate solution, require 0.5 Cc. of decinormal 
sulphocyanide solution to produce a reddish-brown tint ? Also, 
how many grains of syrup must be added to reduce it to the 
Pharmacopoeial strength? 

55. — Iodine Volumetric Solution 

PROBLEMS 

1.— If one gramme of commercial sodium sulphite be added 
to 80 Cc. of decinormal iodine solution and 5 Cc. of N/10 sodium 
thiosulphate solution be required to discharge the color, what 
per cent, of pure sodium sulphite is present? 

Ans. 94.56 per cent. 

Na£Q,.7H 2 + 2 j + 4Ha0 _ Na2 so 4 10H2 o + 2 m. 

Note. — As each molecule of sodium sulphite requires two 
molecules of iodine, each Cc. of decinormal solution of iodine is 
equivalent to 0.012609 gramme of sodium sulphite. 

2. — If 0.1 gramme of arsenic trioxide decolorizes 19.5 Cc. of 
decinormal iodine solution, what per cent, of pure arsenic tri- 
oxide is present? 

AftOt + 4NaHCO, + 41 = As*0, + 4NaI + 400, + 2H 2 0. 
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3. — What per cent, of sulphur dioxide is present in a solu- 
tion of sulphurous acid, when 2 Gm. diluted with water decolor- 
ize 38 Cc. of N/10 iodine solution? 

4. — What is the strength of a solution of sodium thiosul- 
phate when 10 Cc. of the solution, containing a few drops of 
starch paste, require 45 Cc. of N/10 iodine solution to produce 
a permanent blue color? 

5. — How many grammes of arsenic trioxide are present in 
1000 Cc. of a solution, if 5 Cc. of the solution are boiled with a 
mixture of sodium carbonate, a little starch and water to 100 
Cc, and when cold require 25 Cc. of N/10 iodine solution to 
produce a permanent blue color? 

56. — Sodium-Thiostjlphatb Volumetric Solution 

1. — If 0.5 Gm. of iodine requires 39 Cc. of decinormal sodium 
thiosulphate solution to decolorize the iodine, what is the per 
cent, of pure iodine? Ans. 98.99 per cent. 

2. — How many grammes of iodine are present in 100 Cc. 
of tincture of iodine, if 6 Cc. require 32 Cc. of N/10 sodium-thio- 
sulphate solution to decolorize it? 

3. — If 0.5 gramme of chlorinated lime requires 35.7 Cc. of 
decinormal sodium-thiosulphate solution to decolorize the iodine 
liberated from potassium iodide by the chlorine, what is the per 
cent, of available chlorine? 

Note. — This estimation is based on the fact that one atom of 
free chlorine liberates one atom of iodine from one of its salts. 

4. — If twenty-three cubic centimeters of N/10 sodium-thio- 
sulphate solution are required to decolorize the iodine liberated 
from potassium iodide by 20 grammes of chlorine water, what 
is the per cent, of free chlorine? 

5. — If one gramme of solution of iron tersulphate, when 
tested according to the Pharmacopoeia, requires 14.2 Cc. of de- 
cinormal sodium thiosulphate to decolorize the iodine liberated, 
what is the per cent, of iron in the solution? 

Note. — Two atoms of iodine are liberated in the reduction of 
two atoms of iron from the ferric to the ferrous condition, hence 
one cubic centimeter of decinormal iodine is equivalent to 
0.005584 gramme of iron. 
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6. — Fifteen cubic centimeters of decinormal sodium thio- 
sulphate are required to decolorize the iodine liberated when 
potassium iodide is treated with 0.5 Gm. of iron citrate as 
directed in the quantitative test for iron citrate. What per 
cent, of iron is present in the citrate? 

57 — Potassium-Permanganate Volumetric Solution 

PROBLEMS 

1. — If one gramme of commercial ferrous sulphate requires 
30 cubic centimeters of potassium-permanganate solution to 
produce a pink tint, what per cent, of crystallized ferrous sulphate 
is present? Ans. 83.28 per cent. 

Note. — Ten molecules of ferrous sulphate have been oxidized 
to ferric by two molecules of potassium permanganate; hence, 
one-fifth of a molecule of potassium permanganate is equivalent 
to one molecule of ferrous sulphate. 

2. — How many grammes of ferrous carbonate are there in 
4 avoirdupois ounces of the saccharated ferrous carbonate, if 
two grammes require 26 Cc. of decinormal potassium permanga- 
nate to produce a pink color: 

Note. — The reaction is the same as in the last except that the 
sulphuric acid first converts the carbonate into a sulphate. 

3. — How many grammes of pure potassium hypophosphite 
are there in 150 Gm. of the commercial salt, if three cubic cen- 
timeters of decinormal oxalic acid are required to destroy the 
pink color left after treating 0.1 Gm. of the salt with 40 Cc. 
of decinormal potassium permanganate solution? 

5KH,P0 2 + 4KMn0 4 + 6H2SO4 - 5KH*P0 4 + 2KaS0 4 + 4MnS0 4 +6H 2 

Note. — As each cubic centimeter of the oxalic-acid solution 
is equivalent to one cubic centimeter of the potassium-perman- 
ganate solution, 37 Cc. of the permanganate solution will be 
consumed in the oxidation of the hypophosphite. 

4.— How many grammes of hydrogen peroxide are there in 
200 Cc. of hydrogen-peroxide solution, if 1 Cc. decolorizes 20 
Cc. of decinormal permanganate solution? 
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58 — Alkaloidal Estimations 

The volumetric estimation of alkaloids is based upon the fact 
that they unite with acid to form salts, and thus neutralize a 
definite amount of acid. The alkaloid is obtained as pure as 
possible and dissolved in an excess of standard acid, and the 
excess of acid determined by titration with a standard alkali, 
using hematoxylin, cochineal, or iodeosin, as indicator. The 
difference between the standard acid taken and the standard 
alkali used represents the amount of acid combined with the 
alkaloid. Most alkaloids that are estimated volumetrically are 
monobasic; therefore, 1 cubic centimeter of decinormal acid is 
equivalent to 0.0001 of the molecular weight of the alkaloid 
expressed in grammes. In case the alkaloid is dibasic the mo- 
lecular weight should be divided by two and then by 0.0001 to 
obtain the equivalent of one cubic centimeter of acid. 

1. — Example. — If the morphine from 2 grammes of opium 
is dissolved in 12 Cc. of decinormal acid, and 29 Cc. of centi- 
normal alkali are required to neutralize the excess of acid, what 
is the per cent, of morphine in the opium? 

Twenty-nine Cc. of N/100 alkali will neutralize 2.9 Cc. of 
N/10 acid. Subtracting 2.9 Cc. from the 12 Cc. of acid taken 
will leave 9.1 Cc. as the amount of acid combined with the mor- 
phine. The molecular weight of morphine is 303.18; therefore, 
1 Cc. of acid is equivalent to 0.030318 Gm. of morphine, and 9.1 
Cc. is equivalent to 0.27589 Gm., the amount from 2 Gm. of 
opium which, multiplied by 50, will give the per cent., or 13.79 
per cent. 

PROBLEMS 

2. — The morphine from one gramme of opium was dissolved 
in 5 Cc. of decinormal apid, and required 2 Cc. of centinormal 
alkali to neutralize the excess of acid; what is the per cent, of 
morphine in the opium? % Ans. 14.55 per cent. 

3. — What is the purity of morphine if 0.1 Gm. when dis- 
solved in 5 Cc. of N/10 acid required 7.2 Cc. of N/40 alkali to 
neutralize the excess of acid? Ans. 97.01 per cent. 

4. — What is the per cent, of alkaloid in belladonna root 
when the alkaloid from 10 Gm. is dissolved in 3 Cc. of N/10 
sulphuric acid, and requires 5.5 Cc. of N/50 potassium hydroxide 
to neutralize the excess of acid? Ans. 0.549 per cent. 
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Note. — The molecular weights of the alkaloids of belladonna 
and stramonium are 289.2. 

5. — If the alkaloids from 10 grammes of stramonium leaves 
are dissolved in 2 Cc. of acid, N/10, and 11 Cc. of N/100 alkali 
are required to neutralize the excess of acid, what is the per cent, 
of alkaloid? 

6. — Ten grammes of coca are macerated in an alkaline mix- 
ture containing 100 Cc. of a mixture of chloroform and ether. 
The alkaloid is removed from 50 Cc. of the chloroform-ether 
solution and dissolved in 5.5 Cc. of decinormal acid, and it 
required 44.4 Cc. of centinormal alkali to neutralize the excess 
of acid. What is the per cent, of cocaine? 

7. — The impure morphine from 20 Cc. of tincture of opium 
weighed 0.28 gramme. One hundred milligrammes of the mor- 
phine were dissolved in 5 Cc. of N/10 acid and 6.8 Cc. of N/40 
alkali were required to neutralize the excess of acid. How many 
grammes of morphine are there in 100 Cc. of tincture? 

8. — Opium containing 30 per cent, of moisture is dried, and 
the morphine from 2 grammes of the powder combined with 9.8 
Cc. of decinormal acid. What per cent, of morphine did the 
original moist opium contain? 

59.— GASES 

Substances existing in the gaseous state are often measured 
and referred to by volume. Important problems arise as to the 
volume occupied by a given weight of gas, or the weight of a 
given volume of gas. Thus it becomes necessary to understand 
the relation existing between the volume and weight of gases. 

The comparative weight of equal volumes of different sub- 
stances is known as specific gravity. We have seen that, for 
solids and liquids, water is taken as the unit of comparison. For 
gases, air or hydrogen serves the same purpose. 

The volume of all gases varies under different conditions of 
temperature and pressure. A gas is said to be normal when the 
temperature is 0° C, and the atmospheric pressure is 760 milli- 
meters. In all calculations a gas is considered as normal unless 
otherwise stated. 
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Specific Gravity op Gases 

60. — To Find the Specific Gravity of Gases as Compared 

with Air 

1. — Example. — One-liter of sulphurated hydrogen weighs 
1.52 grammes. What is its specific gravity? The weight of a 
liter of air is 1.294 Gm. 1.52 -s- 1.294 = 1.1746, the sp. gr. 

Rule. — Divide the weight of a volume of the gas by the 
weight of an equal volume of air. 

PROBLEMS 

2. — A cylinder holds 142.065 grammes of air and 313.022 
grammes of sulphur dioxide. What is the specific gravity of the 
latter? Ans. 2.203 sp. gr. 

3. — Twelve liters of ammonia gas weigh 9.13 grammes. 
What is the sp. gr. of the ammonia? 

4. — What is the specific gravity of nitrogen, if one liter 
weighs 1.252 grammes? 

5. — What is the specific gravity of chlorine, if two liters of 
the gas weigh 6.3239 grammes? 

61. — To Change the Specific Gravity of Gases from Air 

as Unit to Hydrogen as Unit 

1. — Example. — The specific gravity of nitrous-oxide gas as 
compared with air is 1.52. What is its specific gravity as com- 
pared with hydrogen? 

Since air is 14.4 heavier than hydrogen, the specific gravity 
of any gas as compared with hydrogen must be 14.4 greater than 
the specific gravity when compared with air. 

1.52 X 14.4 = 21.888. 

Rule. — Multiply the specific gravity with air as unit by 14.4, 
the product will be the specific gravity with hydrogen as unit. 

PROBLEMS 

The specific gravities of the following gases were obtained 
with air as unit. What are their specific gravities with hydrogen 
as unit? H = 1 

2. — Nitric oxide, 1.0344 sp. gr. Ans. 14.895 sp. gr. 

3. — Hydrofluoric acid, 0.6905 sp. gr. 

4. — Sulphur dioxide, 2.206 sp. gr. 

5. — Ozone, 1.6535 sp. gr. 
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62. — To Change the Specific Gravity op Gases from Air 

as Unit to Oxygen as Unit 

Multiply the specific gravity with air as unit by 0.876. The 
product will be the specific gravity of the gas compared with 
oxygen as unit. 

If the specific gravities of the following gases are those with 
air as the unit, what will be their specific gravities with oxygen 
as unit? 

1. — Methane, sp. gr., 0.551. 

2. — Carbon dioxide, sp. gr., 1.515. 

3. — Ethyl nitrate, sp. gr., 2.585. 

63. — To Find the Specific Gravity of Gases with Hydro- 
gen as Unit 

One liter of hydrogen weighs 0.08987 gramme and is called 
a Crith. 

1.— Example. — One liter of oxygen weighs 1.429 Gm. What 
is its specific gravity? 

1.429 4- 0.08987 = 15.89 sp. gr. of oxygen. 

Rule. — Divide the weight of a volume of the gas by the 
weight of an equal volume of hydrogen. 

PROBLEMS 

2. — What is the specific gravity of ammonia gas, one liter of 
which weighs 0.7608 gramme? Ans. 8.468 sp. gr. 

3. — Ten liters of the vapors of iodine weigh 113.15 grammes. 
What is its specific gravity? 

4. — Five liters of nitrous-oxide gas weigh 9.828 grammes. 
What is its specific gravity? 

5. — What is the specific gravity of methane, if four liters 
weigh 2.858 grammes? 

64. — To Change the Specific Gravity of Gases from 

Hydrogen as Unit to Air as Unit 

1. — Example. — What is the specific gravity of ammonia gas 
compared with air? Its specific gravity compared with hydro- 
gen is 8.464. As this is the opposite of section 61, we divide by 
14.4 or multiply by its reciprocal, which is 0.0694. 

Ans. 0.587 sp. gr. 
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Rule. — Divide the specific gravity of gases having hydrogen 
as unit by 14.4 or multiply by 0.0694. 

PROBLEMS 

The specific gravities of the following gases are given with 
hydrogen as unit. What are their specific gravities with air as 
unit? 

Air - 1 

2.— Arsine, 38.725, Ans. 2.689 sp. gr. 

3. — Methane, 7.95. 

4. — Carbon dioxide, 21.83. 

5.— Ethyl nitrite, 37.245. 

65. — To Change the Specific Gravity op Gases from 
Hydrogen as Unit to Oxygen as Unit 

Divide the specific gravity with hydrogen as unit by 15.88. 
The quotient will be the specific gravity of the gas compared 
with oxygen as unit. 

Change the following specific gravities with hydrogen as 
unit to specific gravities with oxygen as unit. 

1. — Ammonia gas, sp. gr., 8.465. 
2. — Chlorine, sp. gr., 35.18. 
3. — Sulphur dioxide, sp. gr., 31.795. 
4. — Carbon dioxide, sp. gr., 21.74. 

66. — To Find the Specific Gravity of Gases with Oxygen 

as Unit 

Divide the weight of a given volume of the gas by the weight 
of an equal volume of oxygen, or divide the weight of a liter of the 
gas by the weight of a liter of oxygen, which is 1.429. 

The weight of a liter of nitrogen is 1.247 Gm. What is its 
specific gravity compared with oxygen? 

The weight of three liters of ethyl nitrite gas is 10.04 Gm. 
What is its specific gravity? 

Methane is 7.95 times heavier than hydrogen. What is its 
specific gravity compared with oxygen? 

A liter of nitric oxide weighs 1.349 Gm. What is its specific 
gravity? 



64 

67. — To Change thb Specific Gravity op Gases from 
Oxygen as Unit to Hydrogen as Unit 

Multiply the specific gravity with oxygen as unit by 15.88. 
The product will be the specific gravity of the gas compared 
with hydrogen as unit. 

The following specific gravities are with oxygen as unit. 
What will be their specific gravities with hydrogen as unit? 

Chlorine, sp. gr., 2.216. 

Hydrogen sulphide, sp. gr., 1.062. 

Ozone, sp. gr., 1.5. 

68. — To Change the Specific Gravity op Gases from 

Oxygen as Unit to Air as Unit 

Multiply the specific gravity with oxygen as unit by 1.14. 
The product will be the specific gravity with air as unit. 

The specific gravities of the following gases are with oxygen 
as unit. What will be their specific gravities with air as unit? 

Arsine, sp. gr., 2.436. 

Phosphine, sp. gr., 1.063. 

Hydrochloric acid gas, sp. gr., 1.14. 

69. — The Relation op Molecular Weight to Specific 

Gravity as Compared with Oxygen 

As all molecules of gases are of the same volume, under like 
conditions of temperature and pressure, and molecular weights 
of gases are the relative weights of equal volumes compared 
with oxygen, it follows that the ratio of the molecular weights 
of two gases are the same as the ratio of their specific gravities. 

Mol. wt. Mol. wt. Sp. gr. Sp. gr. 

of CO j : of NO, :: of CO, : of NO, 

44 : 46.02 :: 1.375 1.438 

Therefore the molecular weight of oxygen is to the mo- 
lecular weight of a gas as 1 is to the specific gravity of the gas. 
Hence, to find the specific gravity of a gas from its molecular 
weight, divide its molecular weight by 32. The product will 
be its specific gravity. 

The molecular weight of carbon dioxide is 44, which divided 
by 32 gives 1.375 as its specific gravity. 
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PROBLEMS 

Find the specific gravities of the following from their mo- 
lecular weights: 
2. — Nitrogen. 
3. — Ammonia gas. 
4. — Ethyl nitrite. 
5. — Chlorine. 
6. — Sulphur dioxide. 
7. — Nitrous oxide. 

70. — To Find the Weight op a Given Volume of Gas 

In the following problems in this work oxygen will be un- 
derstood as the standard unit unless otherwise stated. 

1. — Example. — What is the weight of 25 liters of chlorine? 

One liter of oxygen, 1.429 Gm., multiplied by the sp. gr. of 
chlorine, 2.216, and by 25 gives 79.16 Gm., as the weight of 
25 liters of chlorine. 

Ride. — Multiply the weight of one liter of oxygen by the 
specific gravity of the gas and by the given volume expressed in 
liters. 

PROBLEMS 

2. — How many grammes in 450 liters of sulphur dioxide? 

3. — If the specific gravity of bromine vapor is 79.34, what 
will 75 liters weigh? 

4. — How many grammes of arsine are required to fill a five- 
liter flask? 

5. — How many grammes of nitrous oxide gas are required to 
fill a 10-gallon cylinder? 

6. — How many grammes of nitrous oxide gas are required to 
fill a 25-liter cylinder? Sp. gr. of N a O is 1.518 when air = 1. 

71. — To Find the Volume of a Given Weight op Gas 

1. — Example. — What is the volume of 79.5 grammes of 
chlorine? 

7Q 5 

/yo - 25.11 liters. 



1.429 X 2.216 

Ride. — Divide the given weight by 1.429 multiplied by 
the specific gravity of the gas. 
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PROBLEMS 

2. — How large a flask will be required to hold 30 grammes 
of sulphur dioxide? 

3. — How many liters in 480 grammes of oxygen? 

4. — How many liters must a tank contain in order to hold 50 
grammes of sulphuretted hydrogen? 

5.— How many liters of oxygen can be obtained from 100 
grammes of potassium chlorate? 

6. — How many liters of carbon dioxide can be liberated from 
150 grammes of calcium carbonate? 

7. — How many liters of hydrogen will be consumed in the 
manufacture of reduced iron from 5 grammes of ferric oxide? 

72. — To Find the Specific Gravity of a Mixture op Gases 
When the Composition and Quantity of 
Each are Known 

1. — Example. — If two liters of oxygen are mixed with eight 
liters of nitrogen, what is the specific gravity of the mixture? 

From the molecular formula of each we find its specific 
gravity and then proceed as follows: 

1X2 = 2 

0.875 X 8^7 

10 9 

9 -5- 10 «■ 0.9 sp. gr. of the mixture. 

Rule. — Find the specific gravity of each from its molecular 
formula; then multiply the specific gravity of each by its volume, 
add the products and divide by the total volume of the mixture. 

PROBLEMS 

2. — What is the specific gravity of a mixture containing 2 
volumes of carbon dioxide, 3 volumes of oxygen, and 12 volumes 
of nitrogen? 

3. — What is the specific gravity of a mixture of 4 pints of 
nitrous oxide (N 2 0) and one pint of nitric oxide (NO)? 

4.— If two liters of nitrous oxide are mixed with 5 liters of 
air, what will be the specific gravity of the mixture? 

5. — One liter of air, 500 cubic centimeters of hydrogen, 250 
cubic centimeters of carbon dioxide, and 125 cubic centimeters 
of arsine are mixed. What is the specific gravity of the mixture? 
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6. — Four volumes of ammonia gas and three volumes of hy- 
drogen are mixed with two volumes of air. What is the result- 
ing specific gravity? 

73. — Specific Volume op Gases 

Specific volume of gases is the relative volume of equal 
weights of different gases. Specific volume is usually expressed 
in terms of cubic centimeters, and may be defined as the number 
of cubic centimeters occupied by one gramme of gas. Hence 

the specific volume of hydrogen is aaaaaoqq q * 11126 cubic 

centimeters. The specific volume of air is - m+ n *A =772.72 

0.001294 

cubic centimeters. 

Rule. — Divide one gramme by the weight of one cubic centi- 
meter of the gas, at normal temperature and pressure. 

PROBLEMS 

What is the specific volume of the following: 

1. — Hydrochloric acid? 

2.— Chlorine? 

3. — Sulphur dioxide? 

4. — Oxygen? 

5.— Nitric oxide (NO)? 

6— Methane (CH 4 )? 

74. — Gramme-Molecule 

A gramme-molecule is the number of liters occupied by the 
molecular weight, in grammes, of a gas. The normal volume is 
22.39 liters and is the same for all gases under like conditions. 
The molecular weight of hydrogen is two. Hence, 2 divided by 
the weight of a liter of hydrogen (0.08987) gives the number of 
liters occupied by the molecular weight expressed in grammes. 
The molecular weight of carbon dioxide is 44. Hence 44 
grammes of C0 2 will measure 22.39 liters. The molecular 
weight of chlorine is 70.92, and 70.92 grammes of CI measure 
22.39 liters. The gramme molecule is sometimes used in the 
calculation of gaseous volumes, but the methods given in sections 
70 and 71 are preferred by many. 
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75. — To Find the Weight op a Given Volume op Gas, Using 

Gramme-Molecule 

Example. — How many grammes in 25 liters of chlorine? 

The number of gramme-molecules may be found by dividing 
25 by 22.39, which gives 1.1165; this multiplied by 70.92, the 
molecular weight of chlorine, gives 79.18218 as the number of 
grammes in 25 liters. 

Rule. — Divide the given volume by 22.39 and multiply by 
the molecular weight of the gas. 

PROBLEMS 

Work those given under section 70, using the gramme- 
molecule. 

76. — To Find the Volume op a Given Weight op Gas, Using 

the Gramme-Molecule 

How many liters in 212.76 grammes of chlorine? 

The weight of a gramme-molecule of chlorine is 70.92 Gm. 
By dividing 212.76 by 70.92 we have 3 as the number of gramme- 
molecules in 212.76 Gm. of chlorine. Three times 22.39, or 
67.17, liters, is the volume of the chlorine. 

Rule. — Divide the given weight by the molecular weight of 
the gas and multiply by 22.39. 

PROBLEMS 

Solve those given under section 71, using the gramme-mole- 
cule. 

Volumetric Combination and Decomposition op Gases 

77. — To Find the Volume of a Gas That Will Unite with 
a Given Volume of Another Gas 

1. — Example. — How many liters of hydrogen will be re- 
quired to unite with 5 liters of oxygen? 

One molecule or one volume of oxygen unites with two mole- 
cules or two volumes of hydrogen. Therefore, 5 liters of oxygen 
will unite with 10 liters of hydrogen. 
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Rule. — Write the chemical equation to find the number of 
molecules of each required. Then, the number of molecules of 
the gas, of which the quantity is given, is to the number of mole- 
cules of the gas, of which the volume is required, as the given 
volume is to the required volume. 

PROBLEMS 

2. — How many liters of arsine can be produced by combining 
four liters of hydrogen with arsenic. Ans. 2.666 liters. 

3. — If 25 liters of air contain four-fifths nitrogen and it 
could all be converted into ammonia gas, how many liters would 
be formed? 

4. — How many liters of water vapor will be formed in the 
manufacture of reduced iron from 15 liters of hydrogen and 
ferric oxide? 

5. — How many liters of hydrogen are required to manufac- 
ture a kiloliter of phosphine? 

6. — How many pints of hydrogen and oxygen will unite in 
order to form 5 gallons of vapor of water? 

7. — How many pints of oxygen will be consumed by burning 
sulphur to form a gallon of sulphur dioxide, and how many 
grains of sulphur will be consumed? 

8. — How many liters of hydrogen and chlorine must be 
united to form 15 liters of hydrochloric acid gas? 

78. — The Effect of Temperature and Pressure Upon the 

Volume of Gases 

In many operations gases must be measured at ordinary 
working temperature and pressure, and, as the volume of a gas 
varies with each variation of temperature or pressure, a correc- 
tion must be made for both before we can ascertain its normal 
volume or its exact weight. 

The volume of a gas or vapor is proportional to the pressure 
it sustains, if the temperature remains the same. 

Boyle 1 s Law. — If the pressure is doubled, the volume of tEe 
gas will be diminished one-half. If the pressure be diminished 
one-half, the volume will be doubled. The product obtained by 
multiplying the volume of the gas by its pressure is always the 
same regardless of the pressure it sustains. For example, 50 
liters of gas are measured at 600 millimeters pressure; 50 X 600 
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— 30000. Increase the pressure to 1200 millimeters and the 
volume is decreased to 25 liters; 25 X 1200 = 30000. This 
being true if the volume and pressure of a gas be given and the 
pressure be increased or diminished, and either the pressure or 
volume given, the other may be found. 

79. — CoRBEcnoN in Volume of Gases for Change in 

Pressure 

1. — Example. — If 30 liters of gas were measured at 400 mil- 
limeters pressure and the pressure increased to 800 millimeters, 
what would be its volume? Thirty multiplied by 400 and di- 
vided by 800 gives 15 as the volume of the gas. 

Rule. — Multiply the given volume by its pressure and divide 
by the final pressure. 

PROBLEMS 

2. — What will be the volume of 25 liters of oxygen at normal 
pressure, when submitted to 850 millimeters pressure? ' 

Ans. 22.25 liters. 

3. — Five volumes of sulphur dioxide are measured at 750 
millimeters pressure. What will be its volume at 900 milli- 
meters pressure? Ans. 4.16 volumes. 

4. — One hundred cubic centimeters of nitrous-oxide gas are 
measured at 780 millimeters pressure. How many cubic centi- 
meters will it occupy at normal pressure? 

5. — What will be the weight of 1000 cubic centimeters of 
oxygen at a pressure of 900 millimeters? 

6.— What will be the volume of 10 grammes of sulphur di- 
oxide at a pressure of 500 millimeters? 

7. — How many grammes of potassium chlorate will be re- 
quired to fill a 10-gallon tank with oxygen at a pressure of 735 
millimeters? 

80. — Correction in Volume of Gases for Changes in 

Temperature 

All gases expand and contract equally for each degree of 
change in temperature, the pressure remaining constant. 

Charles 9 Law. — If 273 volumes of gas at 0° C. are heated 
they increase one volume for each degree. At 10° it will have 
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increased 10 volumes and have become 283 volumes. The same 
volume when decreased in temperature from 0° C. to — 25° C. 
will have decreased 25 volumes and have become 248 volumes. 
If 273 volumes increase or decrease one volume for each degree 
of change in temperature, then one volume will increase or de- 
crease 3^7 °f ft 8 volume for each degree of change in tempera- 
ture. Expressed decimally this equals 0.003663 of a volume. 

1. — Example, — If 500 Cc. of gas are measured at 15° C. and 
then heated to 25° C. What is its volume? 

Since 273 volumes, when raised to 15° C. become 288 vol- 
umes, and the same volume when raised to 25° C. has become 298 
volumes, if 288 volumes have increased to 298 volumes in passing 
from 15° C. to 25° C, then one volume will have increased to Iff 
= 1 .03472 volumes. If one volume increases to 1 .03472 volumes 
500 volumes will increase to 500 X 1.03472 = 517.36 volumes. 

Hence we have ,_ , 1g X 500 - 517.36. 

273+15 

Rule. — Divide 273 plus the new temperature by 273 plus 
the original temperature, and multiply the quotient by the given 
volume. The product will be the desired volume. 

PROBLEMS 

2. — If 500 volumes of gas are measured at 0° C, what will 
be its volume at 25° C? Ans. 545.75 volumes. 

3. — Two hundred and fifty cubic centimeters of oxygen are 
measured at 15° C. and raised to 35° C; what will be its volume? 

Ans. 267.25 Cc. 

4. — If 1000 Cc. of gas are measured at 40° C. and the tem- 
perature reduced to 10° C, what will be its volume? 

Ans. 904.1 Cc. 

5. — A gas measures 10 liters at 40° C, what will be its vol- 
ume at 0° C? 

6. — What will be the volume of a gas at — 12° C. if it meas- 
ured 125 volumes at -8° C? 

7. — What will be the volume of a gas at — 15° C. if it meas- 
ures 250 volumes at 20° C? 

8. — If one volume of gas is measured at — 10° C what will 
be its volume at 25° C? 
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81. — Correction in Volume of Gases for Changes in Tem- 
perature and Pressure 

1. — Example. — If 250 cubic centimeters of oxygen are meas- 
ured at 10° C. and 760 millimeters pressure, what will be its 
volume at 30° C. and 775 millimeters pressure? 

As we have to correct for both temperature and pressure, we 
must necessarily combine sections 79 and 80. 

250 X 760 X (273 + 30) _ 250 X 760 X 303 _ 

775 X (273 + 10) 775 X 283 ~ **•«* ^ 

Rule. — Multiply the given volume by its pressure and by 273 
plus the new temperature, and divide by the final pressure and 
by 273 plus the original temperature. 

PROBLEMS 

2. — What will be the volume of a gas at normal pressure and 
temperature which measured 750 Cc. at 16° C. and 725 milli- 
meters pressure? Ans. 675.8 Cc. 

3. — If spirit of nitrous ether, when tested at 20° C. and 740 
millimeters pressure, yields 50 Cc. of nitric oxide gas, how many 
cubic centimeters of gas would have been produced had the test 
been made at 25° C. and normal pressure? Ans. 49.45 Cc. 

4. — Twenty volumes of carbon dioxide, at normal tempera- 
ture and pressure, are heated to 200° C. at a pressure of 850 
millimeters. What is its volume? 

5. — If air is measured at 25° C. and normal pressure, what 
will be its volume when submitted to a pressure of 1500 milli- 
meters and a temperature of — 17° C? 

6. — If 4455 Cc. of vapor are measured at normal pressure 
and temperature of 27° C, what will be its volume at 15° C. and 
745 millimeters pressure? 

MENSURATION OF VOLUMES 

82. — To Find the Volume of a Cylindrical Vessel 

1. — Example. — How many cubic inches in a vessel six inches 
in diameter and ten inches high? 

Since the radius is half the diameter, or 3, the square of the 
radius is 9, which multiplied by 3.1416 gives the area of the base, 
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and this multiplied by the altitude, 10, gives the volume of the 
vessel, or 282.744 cubic inches. 

Rule. — Multiply the square of the radius by 3.1416, and that 
product by the altitude. 

PROBLEMS 

2. — How many cubic inches in a can five inches in diameter 
and nine inches high? Ans. 176.71 cu. in. 

3. — How many liters in a bottle 160 millimeters in diameter 
and 3 decimeters high? Ans. 6.03 liters. 

4. — How many gallons in a tank 5^ feet high and 2 feet 6 
inches in diameter? Ans. 183.6 gallons. 

5. — How many pounds of mercury will a cylinder hold if its 
inner measure is 4 inches in diameter and 10 inches high? 

6. — How many pounds of glycerin will a can hold that is 18 
inches high and 9 inches in diameter? 

83. — To Find the Volume of a Cone 

1. — Example. — What will be the capacity, in cubic centi- 
meters, of a cone whose base is 16 centimeters in diameter and 
its altitude 30 centimeters? 

The area of the base is found, as in section 82, to be 201 .0624 
square centimeters. If we multiply this by one-third the altitude 
we have 2010.624 cubic centimeters as the contents of the cone. 

Rule. — Multiply the square of the radius by 3.1416 and that 
product by one-third the altitude. 

PROBLEMS 

2. — How many cubic centimeters will a funnel hold that is 
13.75 centimeters deep and 15 centimeters in diameter? 

Ans. 809.94 Cc. 
3. — How many cubic inches in a hopper if the top is 16 
inches in diameter and the depth 22 inches? 

Ans. 1474.4576 cu. in. 
4. — How many fluidounces in a cone shaped can, if the di- 
ameter of the base is 8 inches and the altitude 15 inches? 

Ans. 139.27 fl. oz. 
5. — How many fluidounces will a can hold if the diameter is 
8 inches and the total height 18 inches, the cone shaped top one- 
third of the height? 
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6. — What is the capacity of a can whose diameter is 7 inches 
and the altitude of the cylinder 8) inches and that of the cone 
one and a half inches? 

7. — What is the capacity of a folded filter if the diameter of 
the filter is 25 centimeters? 

84. — Miscellaneous Problems 

1. — In what proportion must 25%, 38% and 92% alcohol 
be mixed to produce 45% alcohol? 

2. — How many grains of cocaine hydrochloride will be re- 
quired to make 2 fluidounces of a 4% solution? 

3.— How many grains of mercuric chloride will be required 
to make a gallon of solution containing 1 to 10,000? 

4. — How many fluidounces of glycerin in 10 pounds of solu- 
tion containing 30% of glycerin? 

5. — What is the volume capacity of a can which holds 25 lbs. 
of ether? 

6. — When 100 grains of a substance are placed in a counter- 
poised bottle and filled with water, the whole weighs 1088 grains. 
The capacity of the bottle is 1000 grains of water. What is 
the specific gravity of the substance? 

7. — One pound of shot is put into a bottle and filled with 
water. The total weight is 25,566 grains. The bottle filled 
with water weighs 19,174 grains. What is the specific gravity 
of the shot? 

8. — A piece of potassium dichromate weighs 120 grammes in 
air and 64 grammes in alcohol. What is the specific gravity of 
the potassium dichromate? 

9. — What is the specific gravity of a piece of metal which is 
3 dm. long, 12.5 cm. wide and 8 cm. thick and weighs 23,400 
grammes? 

10. — If vanilla costs nine dollars a pound, sugar seven cents 
a pound and alcohol two dollars and fifty cents a gallon, what 
will five gallons of tincture of vanilla cost? 

. 11. — What is the strength of a solution of sodium hydroxide 
which required 15 Cc. of normal sulphuric acid solution to neu- 
tralize 12 grammes of the solution? 

12. — If silver nitrate is pure, how many grammes of sodium 
chloride will be required to precipitate all of the silver from 15 
grammes of silver nitrate? 
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13. — How many fluidounces of chloroform will be displaced 
by two pounds of mercury? 

14. — How many grains of sodium bicarbonate will be re- 
quired to neutralize a fluid ounce of official hydrochloric acid, 
and how much sodium chloride will be formed? 

15. — If ether costs 30 cents a pound and chloroform costs 
42 cents, what will be the cost of 2 pints of a mixture having a 
specific gravity of 1.10, no allowance for contraction? 

16. — If ether costs 30 cents a pound and has a specific gravity 
of 0.716, what will one pint cost? 

17. — What will a gallon of glycerin cost at 25 cents a pound? 

18. — In what proportion must ether and chloroform be 
mixed to make a mixture having a specific gravity of 0.876, no 
allowance for contraction? 

19. — How many fluidounces each of ether and chloroform 
must be mixed to produce one pint of a mixture having a spe- 
cific gravity of 1,000, no allowance to be made for contraction? 

20. — How many grammes of ferrous iodide in 750 Cc. of 
syrup of ferrous iodide (sp. gr. 1.35) if 4.2% of iodine is used in 
its manufacture? 

21. — If 42 grammes of iodine is used in the manufacture of 
1000 grammes of syrup of ferrous iodide, what will be the per- 
centage of ferrous iodide in the syrup? 

85. — Problems Based on the Tables of the Pharmacopoeia 

Many of the problems of this section may be solved inde- 
pendently. If this is done the answers should be verified by 
comparison with those obtained from the tables of the Pharma- 
copoeia. The intention is to enable the student to become 
familiar with these valuable tables. 

1. — Reduce 600 Gm. to apothecary ounces and grains. 

2. — Reduce 500 Gm. to fluidounces and minims. 

3. — How many Gm. in 27 fluidounces and 24.5 minims? 

4. — How many avoirdupois ounces in 396.893 grammes? 

5. — How many avoirdupois ounces in 200 grammes? 

6. — How many milligrammes in 50 grains? 

7. — How many grains in 0.972 milligramme? 

8. — How many minims in 12 Cc? 

9. — What is the specific volume of a liquid having a specific 
gravity of 0.920? 
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10. — What is the volume in liters of a kilogramme of a liquid 
having a specific gravity of 0.75? 

11. — What is the avoirdupois weight of 100 fluidounces of a 
liquid having a specific gravity of 1.16? 

12. — What is the volume in gallons of 100 lbs. of a liquid 
having a specific gravity of 1,000? 

13. — How many fluidounces in 1000 grains of liquid having 
a specific volume of 0.7576? 

14. — How many apothecary ounces in 100 fluidounces of a 
liquid having a specific volume of 0.5435? 

15. — How many fluidounces in 100 avoirdupois ounces of a 
liquid having a specific gravity of 1.84? 

16. — How many fluidounces in 10 lbs. of U. S. P. hydro- 
chloric acid? 

17. — How many fluidounces in 8 avoirdupois ounces of 
U. S. P. chloroform? 

18. — Ifa 50 Gm. pycnometer is standardized at 25° C. and 
is found to hold 52.165 grains of acetic acid, weighed at 20° C, 
what will be the per cent, of absolute acetic acid? 

19. — If a pycnometer holds 25 grammes of water at 25° C, 
and 26.5 grammes of acetic acid at 18° C, what will be the per- 
centage strength of the acid? 

20. — How many grammes of absolute acetic acid in 600 Ce. 
of acid having a specific gravity of 1.0350 at 28° C? 

21. — A 100-Cc. pycnometer, which has been standardized at 

15 6° 

YjTqS holds at 23° C. 97.1, 93.6, 87.7 and 81.6 grammes of dilute 

alcohol. From the U. S. P. tables determine the percentage, by 
volume, of absolute alcohol in each? 

22. — What would be the percentage of absolute alcohol in 
each if the same weights had been obtained at 25° C? 

23. — How many grammes each of sodium bicarbonate and 
dilute acetic acid will be required to make 5 grammes of sodium 
acetate? 

24. — How many grains each of salicylic acid and mono- 
hydrated sodium carbonate will be required to make 5 drams 
of sodium salicylate? 

25. — How many ounces each of sodium bicarbonate and 
benzoic acid must be taken to make 10 ounces of sodium ben- 
zoate? 
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26. — In order to make a kilogramme of ammonium citrate 
how many grammes of ammonium carbonate and citric acid 
must be taken? 

27. — How many grains of potassium carbonate and diluted 
hydrobromic acid will be required to make 4 ounces of a solu- 
tion containing a dram of potassium bromide to the ounce? 

28. — If a prescription calls for a dram of ammonium ben- 
zoate, which is not in stock, from what can it be made and what 
quantities must be taken? 

29. — How many grammes of potassium carbonate will be 
required to neutralize 25 grammes of lactic acid, and what will 
be the weight of the potassium lactate formed? 

30. — How many grains of ammonium carbonate will unite 
with 5 scruples of hydrochloric acid and what will be the weight 
of the product? 

31. — What will be the weight, in grains, of benzoic acid nec- 
essary to neutralize 2 drams of sodium bicarbonate, and how 
many grains of sodium benzoate will be formed? 



a 
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TABLES 

The following tables, by Dr. A. B. Lyons, will be found 
especially valuable for converting the strengths of preparations 
from one system of weights and measures to those of another. 
Example: We desire to know the strength, in the metric sys- 
tem, of a preparation that contains 120 grains in a fluidounce. 
Under grains in a fluidounce, we find 20 and opposite 43.9; 
also opposite 100 we find 219.5, 43.9+219.5=263.4; the num- 
ber of grammes in a liter that are equal to 120 grains in a fluid- 
ounce. 

GRAINS PER FLUIDOUNCE EQUIVALENT TO GRAMMES PER LITER 



Grains Per 


Grammes 


Grains Per 


Grammes 


Grains Per 


Grammes 


Fluid Ob. 


Per Liter 


Fluid 0*. 


Per Liter 


Fluid Os. 


Per Liter 


1 


2.2 


9 


19.8 


80 


175.6 


2 


4.4 


10 


22.0 


90 


197.5 


3 


6.6 


20 


43.9 


100 


219.5 


4 


8.8 


30 


65.9 


200 


439.0 


5 


11.0 


40 


87.8 


300 


658.5 


6 


13.2 


50 


109.8 


400 


878.0 


7 


15.4 


60 


131.7 


500 


1097.5 


8 


17.6 

> 


70 


153.6 


600 


1316.9 



GRAINS PER FLUIDRAM EQUIVALENT TO GRAMMES PER LITER 



Grains Per 


Grammes 


Grains Per 


Grammes 


Grains Per 


Grammes 


Fluid Dr. 


Per liter 


Fluid Dr. 


Per Liter 


Fluid Dr. 


Per Liter 


1 


17.6 


7 


122.9 


40 


702.4 


2 


35.1 


8 


140.5 


50 


878.0 


3 


52.7 


9 


158.0 


60 


1053.6 


4 


70.2 


10 


175.6 


70 


1229.1 


5 


87.8 


20 


351.2 


80 


1404.7 


6 


105.4 


30 


526.8 
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MINIMS PER FLUIDOUNCE EQUIVALENT TO CUBIC CENTIMETERS 

PER LITER 



Minims Per 


Cc. Per 


Minims Per 


• 

Cc. Per 


Minims Per 


Cc. Per 


Fluid Oz. 


Liter 


Fluid Ob. 


Liter 


Fluid Oi. 


Liter 


1 


2.1 


9 


18.8 


80 


166.7 


2 


4.2 


10 


20.8 


90 


187.5 


3 


6.3 


20 


41.7 


100 


208.3 


4 


8.3 


30 


62.5 


200 


416.7 


5 


10.4 


40 


83.3 


300 


625.0 


6 


12.5 


50 


105.2 


400 


833.3 


7 


14.6 


60 


125.0 


480 


1000.0 


8 


16.7 


70 


145.8 







MINIMS PER FLUIDRAM EQUIVALENT TO CUBIC CENTIMETERS PER 

LITER 



Minims Per 


Cc. Per 


Minims Per 


Cc. Per 


Minims Per 


Cc. Per 


Fluid Dr. 


Liter 


Fluid Dr. 


Liter 


Fluid Dr. 


Liter 


1 


16.7 


6 


100.0 


20 


333.3 


2 


33.3 


7 


116.7 


30 


500.0 


3 


50.0 


8 


133.3 


40 


666.7 


4 


66.7 


9 


150.0 


50 


833.3 


5 


83.3 


10 


166.7 


60 


1000.0 
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CUBIC CENTIMETERS PER LITER, EQUIVALENT TO MINIMS, ETC., PER 

GALLON 



Co. Per 




Minima, etc. 


Minims Per 


Minims Per 


liter A 


linims, etc., 


Per Gallon 


Per Pint 


Fl. Oi. 


Fl. Drm. 


L9 


b. Fl. Oz. 


Min. FL 


Oz. Min. 


Minims 


Minims 


1 




61.4 


7.7 


0.5 


0.06 


2 




122.9 


15.4 


1.0 


0.12 


3 




184.3 


23.0 


1.4 


0.18 


4 




245.8 


30.7 


1.9 


0.24 


5 




307.2 


38.4 


2.4 


0.30 


6 




368.6 


46.1 


2.9 


0.36 


7 




430.1 


53.8 


3.4 


0.42 


8 


i 


11.5 


61.4 


3.8 


0.48 


9 


1 


73.0 


69.1 


4.3 


0.54 


10 


1 


134 


. 76.8 


4.8 


0.6 


20 


2 


269 


. 153.6 


9.6 


1.2 


30 


3 


403 


. 230.4 


14.4 


1.8 


40 


5 


58 


. 307.2 


19.2 


2.4 


50 


6 


192 


. 384.0 


24.0 


3.0 


60 


7 


326 


. 460.8 


28.8 


3.6 


70 


8 


461 


1 57.6 


33.6 


4.2 


80 


10 


115 


1 134.4 


38.4 


4.8 


90 


11 


250 


1 211.2 


43.2 


5.4 


100 


12 


384 


1 288 


48 


6 


200 


1 9 


288 


3 96 


96 


12 


300 


2 6 


192 


4 384 


144 


18 


400 


3 3 


96 


6 192 


192 


24 


500 


4 





8 


240 


30 


600 


4 12 


384 


9 288 


288 


36 


700 


5 9 


288 1 


1 96 


336 


42 


800 


6 6 


192 1 


2 384 


384 


48 


900 


7 3 


96 1 


4 192 


432 


54 


1000 


8 


1 


6 


480 


60 
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GRAMMES PER LITER, EQUIVALENT TO GRAINS, ETC., PER GALLON 



Grammes 


Grains, 


etc., C 


trains, etc., 


Grains Per 


Grains, Per 


Per Liter 


Per Gallon 


Per Pint 


EL Os. 


Fl. Dr. 




Lb. Oz. 


Gr. 


z. Gr. 


Gr. 


Gr. 


1 






58.3 


7.3 


0.5 


0.06 


2 






116.6 


14.6 


0.9 


0.11 


3 






175.0 


21.9 


1.4 


0.17 


4 






233.3 


29.2 


1.8 


0.23 


5 






291.6 


36.5 


2.3 


0.29 


6 






349.9 


43.7 


2.7 


0.34 


7 






408.2 


51.0 


3.2 


0.40 


8 




1 


29.1 


.. 58.3 


3.6 


0.46 


9 




1 


87.4 


.. 65.6 


4.1 


0.51 


10 




1 


146 


.. 72.9 


4.6 


0.57 


20 




2 


291 


.. 145.8 


9.1 


1.14 


30 




3 


437 


.. 218.7 


13.7 


1.71 


40 




5 


145 


.. 291.6 


18.2 


2.28 


50 




6 


291 


.. 364.5 


22.8 


2.85 


60 




7 


437 


.. 437.4 


27.3 


3.42 


70 




9 


145 


1 72.8 


31.9 


3.99 


80 




10 


291 


1 145.7 


36.5 


4.56 


90 




11 


436 


1 218.6 


41.0 


5.13 


100 




13 


145 


1 292 


45.6 


5.7 


200 


1 10 


289 


3 146 


91.1 


11.4 


300 


2 7 


434 


4 437 


136.7 


17.1 


400 


3 5 


141 


6 291 


182.2 


22.8 


500 


4 2 


285 


8 145 


227.8 


28.5 


600 


4 15 


430 


9 437 


273.4 


34.2 


700 


5 13 


137 ] 


LI 290 


318.9 


39.9 


800 


6 10 


181 : 


L3 145 


364.5 


45.6 


900 


7 7 


426 j 


L4 436 


410.0 


51.3 


1000 




8 5 


133 : 


L6 290 


455.6 


57.0 



Tables giving tho quantities by weight or measure required to make 
turn, cub fluidram of which is to oontain ■ given doss. Tho duns tabls 


OM gallon of a mi.- 


one pint by dividing the quantity by eight. 










Dose in 
Grains 


Quantity 
Per Gallon 


G^n." 


Lb. «. 


\ 


ugntity per Gallon 












ta.FLOi.Min. 


1/1000 


1.02 


0.01 




10.24 


1/8 




. 128 


1/500 


2.05 


0.02 




20 48 


1/4 




. 250 


1/400 


2.56 


0.03 




30 72 


1/3 




. 341.3 


1/350 


2.93 


04 




40 96 


3/8 




. 384 


1/333 


3.07 


0.05 




51.20 


1/2 




1 32 


1/320 


3.20 


0.06 




61.44 


5/8 




1 160 


1/300 


3.41 


0.07 




71.88 


2/3 




1 202.6 


1/250 


4.10 


0.08 




81 92 


3/4 




1 288 


1/240 


4.27 


0.09 




92.16 


7/8 




] 416 


1/200 


5.12 


0.1 




. 102 4 


1 




2 <H 


1/160 


6.40 


0.2 




. 204.8 


2 




4 128 


1/150 


.. 6.83 


0.3 




. 307 i 


3 




t! 1<« 


1/128 


8 


0.4 




- 409.6 


4 




8 256 


1/100 


.. 10.24 


5 




1 74.5 


6 


'.'. 10 320 


1/90 


.. 11.38 


0.8 




1 176.9 


6 


.. 12 384 


1/80 


.. 12.8 


0.7 




1 279.3 


7 


.. 14 448 


1/75 


.. 13.65 


0.8 




1 2X1 7 


8 


1 


1 83 


1/70 


. . 14.63 


9 




2 46.6 


9 


I 


2 96 


1/85 


.. 15.75 


1 




2 149.0 


10 


1 


■> IIHI 


1/64 


.. 16 


2 




4 298.0 


20 


2 10 320 


1/60 


.. 17.07 


3 




7 9.6 


30 


4 


I 


1/55 


. . 18.62 


4 




9 158.5 


40 


S 


'> 100 


1/50 


.. 20.48 


5 




1 307.5 


50 


6 10 320 


1/48 


.. 21.33 


6 




4 19.0 


60 


S 





1/45 


.. 22.76 


7 


i 


168 








1/40 


.. 25.60 


8 


i 


2 317.0 








1/35 


.. 29.26 


9 




5 128.6 








1/32 


.. 32 


10 


i 


7 117.6 








1/30 


.. 34.13 


20 


2 


4 355 








1/25 


.. 41 


30 


1 


6 95 








1/24 


.. 42.67 


40 


5 


3 273 








1/20 


.. 51.2 


50 


7 


5 13 








1/18 


. . 56.89 


60 


8 


2 190 








1/16 


.. 64 


70 


10 


3 368 








1/15 


.. 68.27 


80 


11 


1 109 








1/12 


.. 85.33 


90 


13 


2 285 








1/10 


.. 102.4 


100 


14 


25 








1/8 


.. 128 
















1/6 


.. 170.6 


















1/5 


.. 204.8 


















1/4 


.. 256 


















1/3 


.. 341.3 


















3/8 


Oz. 384 


















1/2 


1 74.5 


















5/8 


1 202.5 


















2/3 


1 245.2 


















3/4 


1 330.5 


















7/8 


2 21 
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International Atomic Weights for 1912 

(From "Journal of the American Chemical Society," Vol. XXXIII, page 1642.) 



Aluminum AI 

Antimony Sb 

Argon A 

Arsenic As 

Barium Ba 

Bismuth Bi 

Boron B 

Bromine Br 

Cadmium Cd 

Csesium Cs 

Calcium Ca 

Carbon C 

Cerium Ce 

Chlorine CI 

Chromium Cr 

Cobalt Co 

Columbium Cb 

Copper Cu 

Erbium Er 

Fluorine F 

Gadolinium Gd 

Gallium Ga 

Germanium Ge 

Glucinum Gl 

Gold Au 

Helium He 

Hydrogen H 

Indium In 

Iodine I 

Iridium Ir 

Iron Fe 

Krypton Kr 

Lanthanum La 

Lead Pb 

Lithium Li 

Lutecium Lu 

Magnesium Mg 

Manganese Mn 

Mercury Hg 

Molybdenum Mo 

Neodymium Nd 



0-16 






0-16 


27.1 


Neon 


Ne 


20.2 


120.2 


Nickel 


Ni 


58.68 


39.88 


Niton (radium 






74.96 




Nt 


222.4 


137.37 


Nitrogen 


N 


14.01 


208.0 


Osmium 


Ob 


190.9 


11.0 


Oxygen 


O 


16.00 


79.92 


Palladium 


Pd 


106.7 


112.40 




P 


31.04 


132.81 




Pfc 


195.2 


40.07 




K 


39.10 


12.00 


Praseodymium 


Pr 


140.6 


140.25 




,Ra 


226.4 


35.46 




Rh 


102.9 


52.0 


Rubidium 


Rb 


85.45 


58.97 




.Ru 


101.7 


93.5 


Samarium 


Sa 


150.4 


63.57 




fie, 


44.1 


167.7 


Selenium 


fie 


79.2 


19.0 


Silicon 


fii 


28.3 


157.3 




Ag 


107.88 


69.9 




Na 


23.00 


72.5 


Strontium 


fir 


87.63 


9.1 


Sulfur 


fi 


32.07 


197.2 


Tantalum 


Ta 


181.5 


3.99 




Te 


127.5 


1.008 


Terbium 


Tb 


159.2 


114.8 


Thallium 


Tl 


204.0 


126.92 


Thorium 


Th 


232.4 


193.1 


Thulium 


.Tm 


168.5 


55.84 


Tin 


Hr\ 


119.0 


82.92 


Titanium 


Ti 


48.1 


139.0 




W 


184.0 


207.10 




.TT 


238.5 


6.94 


Vanadium 


V 


51.0 


174.0 


Xenon 


Xe 


130.2 


24.32 


Ytterbium (Neoytter- 






54.93 


bium) 


Yb 


172.0 


200.6 


Yttrium 


Yt, 


89.0 


96.0 




Zn 


65.37 


144.3 1 




.Zr 


90.6 
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List of Chemicals used in this Book, together with formula 
and Molecular Weights. 

AcidAcetic HGHjO, 60.03 

Acid Benzoic HCtH*Oi 122.05 

Acid Boric H,BO, 62.02 

Acid Citric H.G&Or'HiO 210.08 

Acid Citric, dry H£kH 5 7 192.06 

Acid Hydriodic HI 127.93 

Acid Hydrobromic HBr 80.93 

Acid Hydrochloric HC1. 36.47 

Acid Hydrocyanic HCN 27.02 

Acid Nitric HNO, 63.02 

Acid Nitrous HNO, 47.02 

Acid Oxalic H,C£> 4 .2HjO 126.05 

Acid Oxalic, dry H,C0 4 90.02 

Acid Phosphoric H,P0 4 98.06 

Acid Salicylic HC 7 H*0 8 138.05 

Acid Sulphuric H*S0 4 98.09 

Acid Sulphurous H*S0 8 82.09 

Acid Tartaric HtC^Oa 150.05 

Alcohol, ethylic CAOH 46.05 

Aluminum Hydroxide Al (OH) 8 78. 12 

Ammonia NH 8 17.034 

Ammonium Carbonate (normal) (NH^COi 96 .08 

Ammonium Carbonate (U. S. P.) NHJICOj.NI^NHqCO,. . . 157. 12 

Ammonium Chloride NI^Cl 53.50 

Ammonium Citrate (NHOsGjHjOt 243. 17 

Arsenic Pentasulphide AaSt 310.27 

Arsenic Trioxide As20 8 197.92 

Arsine AsH 8 77.98 

Barium Carbonate BaC0 8 197.37 

Barium Chloride BaCl,.2H,0 244.32 

Barium Chloride, dry BaCla 208.29 

Barium Sulphate BaS0 4 238.44 

Calcium Carbonate CaC0 8 100.07 

Calcium Chloride. 1 : . . . .CaCl 2 .6H,0 219.09 

Calcium Chloride, dry CaCl, 110.99 

Calcium Oxide CaO 56.07 

Carbon Dioxide CO* 44.0 

Carbon Trioxide C0 8 60.0 

Cocaine 0^.^04 303.18 

Cupric Sulphate CuS0 4 .5H,0 249.72 

Cupric Sulphate, dry CuS0 4 159.64 

Ethyl Nitrite C^NO* 75.05 

Ethyl Oxide (Ether) (CaH^O 74.08 

Ferric Chloride FeCU.6H,0 270.32 

Ferric Chloride, dry FeCU 162.22 

Ferric Oxide FeaO s 159.68 
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Ferric Sulphate Fej(S0 4 )t 399.89 

Ferrous Bromide, dry FeBrj 215.88 

Ferrous Bromide FeBr s .6HiO 323.78 

Ferrous Carbonate FeCOs 115.84 

Ferrous Iodide Fel 2 309.68 

Ferrous Sulphate FeS0 4 .7H»0 278.02 

Ferrous Sulphate, dry. », FeS0 4 151.91 

Hydrogen Dioxide H a Oj 34.02 

Hydrogen Sulphide HjS 34.09 

Lead Acetate Pb(CjH 8 0j) 2 .3H,0 379.20 

Lead Acetate, dry Pb(C«H«Oj)2 325. 15 

Lead Chloride PbCU 278.02 

Lead Iodide Pblj 460.94 

Lead Oxide PbO 223. 10 

Lead Sulphate . .PbS0 4 303,14 

Lead Sulphide PbS. , 238.17 

Lithium Carbonate LijCO, 73.88 

Magnesium Carbonate (approx) (MgCO,) 4 Mg(OH)».5H a O . 485 . 70 

Magnesium Oxide MgO 40.32 

Magnesium Sulphate MgS0 4 .7H,0. 246.50 

Magnesium Sulphate, dry MgS0 4 120.39 

Mercuric Chloride HgCla 271.52 

Mercuric Oxide HgO 216.60 

Mercurous Chloride HgCl 236.06 

Methane CH 4 16.032 

Morphine C 17 H 19 N0 8 .H a O 303.18 

Morphine, dry CnHwNO, 285. 16 

Nitrogen Dioxide N0 2 46.01 

Nitric Oxide NO 30.01 

Nitrous Oxide .N 2 44.02 

Ozone 8 48.00 

Paraldehyde CeH u 8 132.10 

Phosphine PH, 34.06 

Potassium Bicarbonate KHCO, :i00.11 

Potassium Bromide KBr 119.02 

Potassium Carbonate K 2 CO, 138.20 

Potassium Chlorate KClOj 122.56 

Potassium Chloride KC1 74.56 

Potassium Citrate KbCcHsOt.HjO 324.36 

Potassium Citrate, Dry K 8 C«H ft 7 304.34 

Potassium Cyanide KCN 65.11 

Potassium Hydroxide KOH 56.11 

Potassium Hypophosphite KPH2O2 104. 16 

Potassium Iodide KI 166.02 

Potassium Permanganate KMn0 4 158.03 

Potassium Phosphate KjHP0 4 174.25 

Potassium Sulphocyanide KSCN 97. 18 

Silver Chloride AgCl 143.34 

Silver Cyanide AgCN 133.89 

Silver Iodide Agl 234.80 
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Silver Nitrate AgNO. 169.89 

Sodium Bicarbonate NaHC0 8 84.01 

Sodium Carbonate NajCOj.lOHjO 286.16 

Sodium Carbonate, Monohydrated Na»C0 8 .H|0 124 . 02 

Sodium Carbonate, dry NaaCOs. 106.00 

Sodium Chloride NaCl 58.46 

Sodium Hydroxide NaOH 40.01 

Sodium Hyposulphite (Thiosulphate) . . .NajSaO^HjO 248.22 

Sodium Iodide Nal 149.92 

Sodium Nitrate NaNO, 85.01 

Sodium Nitrite NaNO* 69.01 

Sodium Phosphate NajHP0 4 .12H,0 358.24 

Sodium Phosphate, dry NasHPO, 142.05 

Sodium Salicylate NaCrHfiOa 160.04 

Sodium Sulphate Na*SO 4 10H 2 O 322.23 

Sodium Sulphate, dry Na,S0 4 142.07 

Sodium Sulphite NaaSOs.7^0 252. 18 

Sodium Sulphite, dry NajSO, 126.07 

Sulphur Dioxide S0 2 64.07 

Sulphuric Anhydride SO, 80.07 

Water H 2 18.016 

Zinc Chloride ZnCl 2 136.29 

Zinc Sulphate ZnS0 4 .7H,0 287.55 

Zinc Sulphate, dry ZnS0 4 161.44 
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is given .* 29 

Solutions, to make a given quantity of a given strength by diluting 

a stronger \ 32 

Solutions, to reduce from a higher to a lower per cent., by volume 30 
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